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wy want of + Himai4 trvutii on u hails and hydro- 
1 ſtatics hath long g been conſidered a as equally troubleſome to 
| the' tutor, and diſcouragin g to his pupils, and firſt induced a deſire to 
facilitate the attainment of theſe branches of ſcience. by a collection, 
and methodical arrangement, of their ſcattered parts. The preſent 
cCiincides, very nearly, with the propoſitions, or heads of lectures, 
upon this ſubject; adopted by the generality of tutors in the univer- 
| fity, and is recommended by an obvious connexion and regular order 
of dependancy. In all natural ſcience, the analytic method of rea- 
 ſoning neceſlarily precedes. the ſynthetic, and the converſe of 'this 
order would terminate in uncertainty' and chimera. The exiſtence 
and delineation of thoſe properties of matter, which are conceived 
to generate the phenomena of preſſure and motion, are therefore 
conciſely and generally premiſed in the firſt ſix chapters, and ſup- 
ply data, derived from experience and uncontroverted facts, for 
ſynthetic demonſtrations. The general properties of motion are 
deſcribed: in the chapter | upoii ſolidity, becauſe the cleareſt con- 
ceptions of motion are derived from impulſe, which ariſes from 
i and the laws of motion are introduced in the chapter 


n the inertia of matter, becauſe. wo are inſeparably connected 
with 


%® 
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with it. The compoſition. and. v «ſolution. of forces Ark. immedi- 
ately Tubſequent ; becauſe every propoſition upon this ſubject is 


deducible from the ſecond law of motion, and may be eſteemed 
a corollary to it. The connection of the other parts of the trea- 
tiſe is, I truſt, equally natural and obvious. To have diveſted 
this elementary branch of philoſophy of that dry, uninviting 
aſpect, fo frequently and feelingly lamented by the young pupil, 
was certainly moſt deſirable ; but the ſame complaint is applica- 
ble to. the elements of all ſcience, and could not, I believe, be re- 
moved without an entire change of the formality of preciſe de- 
finitions and propoſitions into a more undefined and leſs ſcientific 
form of compoſition, nor conſequently without ſacrificing real 
advantage to leſs material amuſement. The following perform 
ance, therefore, claims. little more than the inferior merit of faci- 
litating the progreſs of the ſtudent by a ſelection, from the works 
of others, which. may ſuperſede the neceſſity of applying to a mul- 
titude of books, and an arrangement coinciding with his lectures. 
The whole is written in the fame. language for the ſake of uni- 
formity; demonſtrations are dilated or ſoontracted as was deemed: 
expedient; and ſometimes, tkougbe as ſeldom as poſſible, new proofs. 
are given. It is no eaſy taſk. to compole a ſyſtem. equally. accom- 
madated to every deſcription. of undexſtandings,- and I dare not 
hope to have accompliſhed it; for the benefit of thoſe, who. may 
be diſſatisfied with the diſcuſſion. of any. ſubject here, accurate re- 
ferences to the page or chapter of the beſt writers where it is 
treated, are always inſerted. To be of ſervice to the ignorant and: 
uninformed was the chief motive for undertaking this work, and, 
the ſole object of attention in the execution of it: this laſt con- 
fideration may ſerve to.obviate ſome objections, which naturally. 
will occur to. more enlightened readers already. converſant with. 
the ſubject. Leſt L appear to. preſume upon the experience that: 
may be er to attend my ſituation,, I beg leave ta explain 


my- 
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myſelf When &rexab demonſtrations of the fame propoſition are 
exhibited; let it iiot be inferred that one was: deemed infaſliciont 
toi eſtabliſh its tooth and required an auxiliary: when: any im- 
portant ſubject is treated with prohxity, and extended beyond the: 
limits: uſbally preſcribed to: am elementary. treatiſe, let it net be: 
attributed to neglightice ov inadvertency: they are hoth the effects 
of deſign, and Tam 'wiarninted; by my own! experience at leaſt, to! 
affert their utility. It muſt he remembered,” that clear and ade- 
quate ideas upon a ne ſubjeci are not communicated by: a trat- | 
ſient impreſſion, and that the capacity and comprehenſion of an 
uninformed mind are only expanded and improved by repeated | 
exertions and aſſiduity. Science implies ſomething more than a 
mere ability to go through a demonſtration ; and a clear compre- 
henſive knowledge of a queſtion, which may be competent for the 
ſolution of problems and diſſipation of doubts and objections, is 
perhaps only to be attained by long refteCtion, and ſtudioufly con- 
templating it on every ſide; and theſe are certainly much aflifted 
by different demonſtrations, which place the ſubject in different 
points of view, and by tracing its. affinity with other truths ſimi- 
Jar to, or deducible from, iR 7 ſegte demonſtration may eaſily 
be too long, and too anxious, a dee to he perſpicuous may occa- 
ſion perplexity and confuſion; but:tt is is not eaſy to give too many 
demonſtrations of a fundament propoſition, or too many pro- 
blems and corollaries reſulting fra it. This ſpecies of prolixity 
appears to me to be extiemely uſetul, as it may, at leaſt, teach a 
young ſtudent the art of thinking, an art which can only be ac- 
quired, and is found indeed to be no eaſy acquiſitien. For theſe 
reaſons, the reader will obſerve ſome leading ſubjeRs extended be- 
yond the bounds abſolutely neceſſary, and ſome. parts wil appa- 
rently be ſuperfluous: I ſhall hold him juſtified in thinking ſo, 
when hedhall be ſo informed on the ſubject as to pronounce them 


uſeleſs to him, 


I can- 


PREFACE 


I cannot ; conclude this preface without. expreſling; 5 — 
thanks to- Mr. Fiſher and Mr. Vince, of Caius College; to the firſt 
for his general theorem of the wedge; to the latter for his friendly 
| reviſion of the whole work; Had J conſulted theſe friends more 
I frequently, many errors and imperfections, for T:believe there are 
| many, might poſlibly have been avoided. - My thanks are alſo: 
| juſtly due to thoſe. gentlemen who have kindly honoured this un- 
dertaking with their approbation and: ſupport; and 1 willingly em- 
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INTRODUCTION 
TO THE STUDY OF. 


NATURAL PHILOSOPHY. 


ATURAL phenomena, in the wideſt acceptation of the 
terms, denote any effects in the material part of the crea- 
tion addreſſed to one or more of the ſenſes ; and natural philoſo- 
phy 1s the hiſtory of theſe phenomena, and an inveſtigation of the 
cauſes employed in their production. A phenomenon may itſelf 
be a natural cauſe productive of numberleſs effects, and each of 
theſe may alſo be a cauſe of others, &c.; for, of that infinite 
variety of events obſervable in the material world, none are in- 
duced per ſaltum, but effect is dependent upon effect in contiguous 
ſucceſſion. As matter is totally inactive, and incapable of com- 
municating motion to itſelf, all its motions, and powers of pro- 
ducing a change of motion, in the various operations of nature, 
are derivative: but the inſtruments immediately directing the 
movements of the ſeveral parts of the ſyſtem elude the inquiſition 
of human ability, and whether any inexplicable effect be owing to 
the Creator's immediate fiat, or ſome ſecondary material power, 
cannot be known; for the action of a pure ſpirit upon matter can- 
not be comprehended: but many ſubordinate inſtruments in the go- 
vernment of nature are conſpicuous, matter being impreſſed by its 
great Creator with ſeveral attributes, which appear, and are conceived 
by ſome philoſophers, to reſide in it, miniſterial to the continuance 
of exiſtence and preſervation. The rules by which theſe attributes 
are directed in their operations, are called natural principles or 
laws, becauſe in ſimilar circumſtances, they are invariably the ſame; 
and the attributes themſelves are generally called powers or forces, 
from 
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from the ſimilitude of their effects to thoſe produced by animal 
exertions: ſuch are gravity, coheſion, elaſticity, magnetiſm, elec- 
tricity. The uniform and regular action and utility of ſome of 
theſe natural powers are very obſervable; but the laſt powers 
ſeem to be ſtill in a ſtate of analyſis, and the laws, by which their 
influence is directed, very imperfectly aſcertained. The attraction 
of coheſion, or of that power by whoſe influence the minute par- 
ticles of matter tend to each other at ſmall diſtances, is the cement 
which prevents the diſperſion of the component parts of matter, 
and, as far as we are competent to decide, adminiſters to the 
growth of bodies in the animal, vegetable, and foſſil kingdoms. 
The figures and motions of the great bodies compoſing the ſo- 
lar ſyſtem are preſerved by an uninterrupted exertion of the at- 
traction of gravity. Nor is the oppoſite quality of elaſticity or re- 
pulſion leſs regular or important. The particles of air are endued 
with this repulſive power which is eſſential to the preſervation of 

all bodies contiguous to it, and a diminution of it would propor- 

tionably diminiſh its ſalutary influence, rendering it noxious 
to animal and vegetable life; and many hard bodies are obvi- 
ouſly poſſeſſed of this quality probably to preſerve their ſpecific 
nature by protecting their conſtituent particles from the effects 
of attrition, &c. The operations of other attributes of mat- 
ter, however deſultory and accidental apparently, are, upon the 
fulleſt information, diſcovered to be reſtrained within preſcribed 
limits, whoſe obſervance is productive of harmony, and violation 
of diſorder. Plants and animals are always produced from their 
proper ſeed; the reflection and refraction of light are effected ac- 
cording to inviolate laws; matter, by its vis inertiæ, reſiſts the 
action of any material power, and when in motion moves, accord- 
ing to determinate rules, &c. To deſcribe the various phenomena 
_ exhibited in the production and change of motion in the material 
world, whether explicable or not, promiſcuouſly, is the buſineſs of 
the natural hiſtorian; and to ſelect thoſe which are explicable, and 
inveſtigate the ſecondary powers, or qualities, conceived to be reſi- 
dent in matter, by whoſe inſtrumentality they appear to be effected, 
is the province and proper gccupation of the natural philoſopher. 
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NATURAL PHILOSOPHY. 
2. The hiſtorical part of philoſophy, or deſcription of natural 
enomena, is immediately tranſcribed from the works of nature; 
and, from the inadequacy of our ideas of matter, an inveſtigation 
of the ſecondary material powers producing them muſt be derived 
from the ſame ſource. Some phenomena being obſerved to. be 
invariably coexiſtent or ſucceſlive, a connexion is underſtood, or 
preſumed, to obtain between them; and, the object of philoſophy 
being an evolution of this connexion, the works of nature where 
only it is diſcoverable, muſt be attentively explored, the relation 
noted, and extended, by a cautious ſelection of all the circumſtances 
of ſimilitude in other phenomena, to a common principle or law 
of nature. The following procels is therefore adopted by the beſt 
philoſophers, and is the only certain method of philoſophizing. 
Fir, By repeated and accurate obſervations upon matter, or 
upon ſome general ſimilar phenomena in the material world, the 
exiſtence and qualities of any individual cauſe are demonſtrated from 
the phenomena evidently and. invariably attached to it; the cauſe 
of this cauſe, and the cauſe of this laſt, &c. and the effects ſucceſ- 
ſively more ſubordinate and particular reſulting from the phe- 
nomena, conſidered as mechanical cauſes, are then inveſtigat- 
ed by again exploring the works of nature, and this proceſs 
is repeated to the limit of human ability. How far the chain of 
| theſe ſecondary material powers, either progreſſive or regreſſive, 
from thoſe that are more general to their ſubordinate effects, and 
vice verſa, is extended, is undiſcoverable; but the philoſopher's re- 
ſearches are ſoon limited by the occurrence of bodies inconceivably 
minute, or removed to immeaſurable diſtances. An examination 
of the few powers that are known is, however, a rational and not 
unprofitable employment; for they exhibit proofs of unbounded 
power, conſummate wiſdom, and paternal benevolence in the great 
Creator; and by their connexion with many uſeful arts, are made 
ſubſervient to the wants and infirmities of his creatures. Secondly, 
The intenſity at a given diſtance, and law of variation at different 
diſtances, of any material power being aſcertained by the menſu- 
ration of its effects, it is aſſumed as a principle, and from its in- 
fluence, all ſimilar phenomena are demonſtrated to reſult by 
A2 8 5 mathe- 
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mathematical or other ſcientific methods of reaſoning. For many 
effects are, upon examination, found to bear ſtrong marks of 
ſimilitude, which to a negligent obſerver exhibit no likeneſs; and, 
theſe being diveſted of all adventitious particularities, and ranged 
under the ſame cauſe, a few principles are diſcovered to pervade 
the whole ſyſtem of matter, producing innumerable phenomena. 
The firſt of theſe is called the analytic, and the ſecond the 1 
thetic method of — : 


3. Examples illuſtrating the analytic method of reaſoning. 
Ex AMP. I. The ſpherical figure of the earth proved ana- 


lytically. 


PHENOMENA. 


PHENOM. I. The altitude of either pole of the equator is al- 
ways equal to the latitude of the obſerver. 


PHENOM. II. In an eclipſe of the moon a ſection of ts | 


earth's ſhadow is always terminated by a circular arc. 


Many other phenomena might be adduced in proof of the glo- 
bular figure of the earth, but it is eſtabliſhed by theſe, becauſe no 
other afford a ſolution of them. This figure was impreſſed at the 
original formation of the earth, and is preſerved by an unremitted 
exertion of the attraction of gravity ; and here the analyſis ter- 


minates, the cauſe of gravity being undiſcovered. 


4. EXAMP, II. The diurnal revolution of the earth proved 


analytically. 
b H ENOMEN A. 


' PHEN oM. I. The ſun and moſt of the planets revolve round 
their axes, and a ſimilar motion of the earth is W e to theſe. 


PUENOM. II. The ſun, planets and fixed ſtars appear to re- 


volve uniformly in circles, whoſe planes are perpendicular to, and 


centers in, a line paſſing through the center of the earth, and per- 


form one revolution in twenty- four n nearly. 
8 PH E- 
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NATURAL PHILOSOPHY. „ 


PhE NOM. III. The gravity of bodies is n . the 1 
and increaſes as they recede odd it. | 


If this 1 motion of the heavenly bodies were So they Rell be 
retained in their orbits by forces tending to their correſponding 
centers in the axis of the world (Newt. ſect. 2. prop. 2.), which are 
imaginary points in which no attractive powers reſide; and ſome 
of theſe motions could not be effected without the influence of 
forces infinitely greater than any mechanical powers yet diſcovered. 
They are therefore apparent only, and reſult from the rotation of 
the earth round an axis; and this is confirmed by phenom.2. which 
is eaſily explicable by, and N without, ſuch rotation. 


5. EXAMP. i. The properties of light inveſtigated ana- 


TOY PHENOMENA. 


| PHENOM. I. If the ſun's rays be admitted, through | a ſmall 
aperture, into a dark room, and refracted through a glaſs priſm, 
an oblong image conſiſting of ſeveral colours will be formed upon 
a ſheet of paper placed at a proper diſtance. 4 28 


PhENOM. II. If another priſm be 1585 behind the = 
ſo that their axes be perpendicular, the image will be refracted 
on one ſide, of the ſame length and breadth as before. 


PHENOM. III. Any one colour refracted through any number 
of priſms, OP exhibits a tarcular4 om by on_ nota 

If the ſun's rays. were na menge its image r be 
circular, and, if differently refrangible, oblong; and conſequently 
(phenom. rſt and 2d) light is compoſed of heterogeneous parts 
iifferently refrangible. If the ſun's rays ſplitted or dilated by re- 
fraction, the image would be circular and increaſed by every re- 
fraction, therefore (phenom. ad) they do not ſplit or dilate; and 
(phenom. 3d) the properties of homogeneous rays are innate and 
ng by refraction, | 
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6. The concluſions thus derived by analyſis are analogical, as 
they reſult from a compariſon between preſent and paſt pheno- 
mena, and will be juſt only when theſe compariſons are repeatedly 
made, and the ſimilitude of the phenomena perfectly eſtabliſhed. 
In example the 1ſt. the altitude of the pole being found equal to 
the latitude of the obſerver, and a ſection of the earth's ſhadow to 
be a circular arc, and theſe phenomena being invariably the ſame 
in innumerable trials, an aſſurance that they reſult from ſome 
fixed cauſes and will never vary, ariſes and commands our aſſent. 
_ Philoſophy therefore, when real and not fantaſtical, has for its 
baſis uniform and uncontroverted experience; and hence appears 
the neceſſity of adhering to the firſt rule of W 


RULE 1. 


No more cauſes of natural events ought to be admitted than are real, 
and ſufficient to explain the phenomena. 


7. Of thoſe bodies which are neither concealed by their minute- 
neſs, nor remote diſtance, few can undergo an analytical diſcuſ- 
ſion; and philoſophy would be very limited, were it confined to 
thoſe only which have actually been the objects of experiments; 
but it 1s rendered univerſal by obſerving the following rules. 


„ 
Effetls of the ſame kind are to be aſcribed to the ſame cauſe. 
The ſame cauſe occaſions the deſcent of bodies in different 


places of the earth, reſpiration m different animals, the ſenſation 
of heat from a culinary fire and the ſun, ſolutions of bodies in 


different menſtruums, and of water in air, &c. 


RULE III. 


8. Ti Joſe qualities of matter which do not vary, and are «found 7 in all | 
bodies that admit of experimental examination, ought to be e as 
qualities of all bodies in general, | 


Thus | 
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Thus the attraction of gravity is diſcovered, by experiments 
and aſtronomical obſervations, to pervade all matter with which 
we are acquainted; all bodies near the earth's ſurface, and the 
moon, gravitate towards the earth; the waters of the ſea gravitate 
towards the moon; the ſun, planets, and comets, gravitate to- 
wards each other mutually; and of this principle no bodies ac- 
ceſſible to experiments can be diveſted, and therefore, from this 
ra it 18 e to de an ante attribute of matter. 


{45 Ji 


9. As much falſe _bilofophy bath been diſſeminated by fanciful 
| hypotheſes and mere metaphyſical conſiderations, unſupported by 

the reality of facts, the only ſources of natural een the r 
of the following rule is apparent. do | 


RULE $ 5 


In at philoſophy, propoſitions collected from 8 by 
induction are to be deemed, notwithſlanding contrary hypotheſes, either 
accurately true or very nearly ſo; until other phenomena occur by which 
= may be rendered eitber u more accurate, or liable to excepti on. 


10. The exiſtence, quantity at a given diſtance, and law of va- 
riation at different diſtances, of any natural power being demon- 
ſtrated by the analytic method of reaſoning, the only way by 
which they can be known; they are aſſumed as eſtabliſhed gene- 
ral principles, and their adequacy to the production of other 
phenomena, ſimilar to thoſe uſed in L the analyſis, is proved ſyn- 


thetically. 
Examples illuſtrating the ſynthetic method of renfbning. 


Ex Au. I. The influence of the attraction of gravity, its 
quantity and law of variation, being aſcertained analytically, it is 
aſſumed as an eſtabliſned general principle, and demonſtrated geo- 
metrically to be an adequate cauſe of the motions of pendulums, 
projectiles, preceſſion of the equinoxes, irregularities of the moon's 
motion, it and W of the ſea, and innumerable other phe- 


nomena. 
Ex Ah. 
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Exame. II. i e de of the air being aſcertained by expe- 


| ximents, it is ſuppoſed to be allowed, and affords an eaſy ſolution 
of the R of Pumps, Hringes, barometers, &c. 8 


ExAMr. III. The equality of the angles of incidence ms re- 
flection of light, of the conſtant ratio obtaining between the ſines 
of incidence and refraction, and the unequal refrangibility of 
different colours, are diſcovered by experiments; and, being ſup- 
poſed to be univerſally true, they afford eaſy explanations of the 
figure and magnitude of 1 images formed by reflection and refrac- 


5 tion, of the rainbow, &c. 


ExAMr. IV. The ſpherical Bgtive if die IE its Auna 
motion, and obliquity of the ecliptic are diſcovered by repeated 
obſervation, and, being aſſumed as known principles, they afford 
an eaſy ſolution of the doctrine of the ſphere, of the art of dial- 


ling, of day and night and their inequalities, of heat and cold, and 


many « other Romans. 


11. Of theſe two methods of bins the latter may Qrridtly 
be denominated ſcience ; for the exiſtence of any natural power, 


its magnitude and variation being preſuppoſed, it is demonſtrated 


geometrically to be competent to the production of various effects, 


and, were this power changed or annihilated; the truth of this 


reaſoning would remain unaltered. Whether this ſcience be chi- 
merical, or accord with actual exiſtence, depends upon the truth 


of the preſuppoſed data, or analytic concluſions, which admit of 
various degrees of conviction from bare preſumption to certainty. 


The exiſtence of ſome undiſcovered and ſtill unknown quality of 
matter, collected only from a few experiments, amounts only to a 
preſumption; but the degree of probability increaſes with their 
number, and, by repeated and uniformly concurring trials. eſta- 
bliſhes at length an evidence as unqueſtioned as the exiſtencs of 
matter or-the ſenſes. That the qualities of matter will remain 
unchanged and continue always to produce the ſame effects, de- 


e 8 the will of that divine Agent, who ordained that the 


various 
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various events in the material world ſhould be effected by the in- 
tervention of ſimple and general material cauſes, acting with in- 


variable conſtancy and uſefulneſs, and only ſuffered to tranſgreſs 
their preſcribed bounds — to the dictates of inſinite wiſ- 


dom, power and goodneſs. Pre 
tity of the ſenſes * the uniformity of natural operations, the 
ſtudy of philoſophy may be deemed ſcientific; for, being founded 


7 upon the baſis of uniform and uncontroverted experience, and 


geometric demonſtration, its certainty will continue with them, 
and conſequently can only be affected or ſubverted by a ps or 
ſubverſion of the conſtitution of nature. RE” 


12. of al magni e d the moſt ſimple, aud cheir 


minute differences moſt eaſily diſcriminated, and therefore more 
ſuſceptible of clear ideas than any other magnitudes; and the rela- 
tions ſubſiſting between powers or forces, and the changes or veloci- 

ties produced by their exertions, are ſaid to be known, when reduced 


to numeral expreſſions, though the mode of producing theſe effects 


be unknown, and perhaps undiſcoverable. The- next, in degree of 
ſimplicity and clearneſs of comprehenſion, are lines, ſurfaces and 
ſolids, being permanent and eaſily compared by juxta-poſition. 
The conception of other magnitudes is more remote and difficult. 


Forces, velocities, and times, having no permanent repreſentatives 


like numbers and geometric magnitudes, and diſappearing when not 


actually ſubſiſting, are, beſt underſtood from their effects; and this 


| ſtudy is therefore much ſimplified by finding magnitudes of eaſier 
conception, and more eaſily meaſurable and permanent, as numbers, 


lines and ſurfaces, whoſe relation is the ſame with that of times 


and velocities, and natural powers, Philpſophy may conſequently 
be reduced: to an inyeſtigation of the relation ſubſiſting between 


lines, ſurfaces, &c. which vary as, and may. be denominated the 


repreſentatives of, natural powers and their effects; and a know- 


ledge of ratios, or of the rules by which theſe relations are in- 


creaſed and diminiſhed, is a E lemmy'! to this ſtudy — mo 
ee | 


uming therefore upon the iden- 


"Se 


FIG. J. 
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13. DEF. 11. TE 1 ER is capable of LIE or dereaſe, is 
called magnitude or quantity, as 8 lines, vel 
cities, forces, &c. a | 


14. DEF. Ratio is the mutual relation of two magnitudes of the 
fame kind in reſpect of their greatneſs or ſmallneſs ; the firſt is called the 
aca and the fecond the e. of the ratio. 


15. Ratio is therefore a compariſon, which always implies a 
fimilitude, and is limited by the definition to the relative greatneſs 
or ſmallneſs of the quantities compared. The magnitude of the 
ratio of equal quantities is equal to nothing ; for the exiſtence of 
ratios reſults from the inequality of the quantities compared, 
though not meaſured by it; and it is evident, that the magnitude 


of a ratio may increaſe or decreaſe through every ſtage of —_ 


able quantity. 


EXAMPLE s. 


Exame.1. If the diſtance of E from B be equal to nothing, 
the diameter 2B, and chord QE coincide, and their ratio is a ra- 
tio of equality, and its magnitude equal to nothing ; but as the 
arc BE increaſes from nothing to a ſemicircle, the magnitude of 


this ratio increaſes from nothing through every ſtage of aſſignable 
magnitude, and, when E and C coincide, is unaſſignably great. 


Ex AMP. II. The ratio of the tangent TA to the fine SN of an 
arc S. A, or of the ſecant CT to the radius CS, is a ratio of equa- 
ty, and its magnitude equal to nothing, when the arc vaniſhes, 
and & and A coincide. But as the arc SA increaſes from nothing 
to a quadrant, the magnitude of this ratio increaſes from nothing 
rouge 
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through every ſtage of aſſignable magnitude, and, when S and 2 
coincide, is unaſſignably great. If the magnitude of this ratio 
(when e. g. SA = zo) be expounded by any finite line L, 
and twice this ratio by twice this line, &c. when 8 and A coincide, 
L is equal to nothing; and as & recedes from A, 2 increaſes and 
becomes infinitely great when & arrives at 2. 

- Ratios therefore are magnitudes, and like all — cles 
the object of ratios, and capable of addition, ſubtraction, multi pli- 
cation and diviſion. They are poſitive or negative, according to 


their different effects in addition. The ſum of two poſitive, or of two 


negative ratios, will conſtitute a poſitive, or negative ratio, greater 
than either of them; and, according as a poſitive ratio is greater 


or leſs than a negative one, their ſum will be poſitive or negative; 
and, if they be equal, their ſum is nothing. The magnitudes of the 


ratio of L: M and of M: L, or of 3: 2 and of 2: 3, are clearly 
equal, but of different denominations; and any third ratio, of the 


ſame denomination with the ratio of L: M, will be equally en- 


creaſed by the addition of the ratio of L: M and ſubtraction of 


the ratio of M: L. If the ratio obtaining between L and M., 


of which L is the greateſt, be called poſitive, and repreſented by 
any line or number a, twice this ratio will be repreſented by twice 
a, and u times this ratio by * a. The ratjp alſo of M: L will 
be repreſented by — a, and * the ratio of M: L by » x - 43 
and a line or number, repreſenting any third affirmative ratio, 
will be equally encreaſed by the addition of x a and ſubtraction 
of nx — 4. As magnitudes are only meafurable by magnitudes, 
ſui generis, a line by a line, a ſurface by a ſurface, and a ratio by 


a ratio: to aſcertain the quantity of any ratio, ſome more {imple 
ratio may be uſed as a criterion. Thus logarithms are a ſeries of * 


numbers exprefling the relation which ſubfiſts between any given 
ratio, conſidered as a criterion, and all other ratios with which it 


Y — 
is compared. WE 


16. DEF. In a ſeries of — of oh ſame hind, either in- 
creaſing or decreaſing, the ratio of the extremes is N fo wa e nded 


of the ratios of the intermediate terms. 25 
| B2 | | In 


12 
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In the ſeries of magnitudes A, B, C, P, &c. the ratio of the firſt 


to the laſt, or of A: D, is ſaid to be compounded of the ratios of 


FIG. II. 


FIG. II. 


FIG. III. 


A: B, B: C, C: D; and any ratio, as that of P;: PR, is ſaid to 
be reſolvable into, and equal to, the ratios of PQ; Pa, Pa: Pb, 
Pb: Pe. . . PL: PR; for the ratio of P PR. is a real magni- 
tude, and like other magnitudes diviſible into its component parts, 
which are the ratios of P;: Pa, Pa: Pb, Pb: Pc, &c.: therefore 
the ſum of any number of continued ratios, where the antecedent 


of any ratio is the conſequent of the preceding, is equal to the 


ratio of the firſt and laſt terms. 


17. Cor. When : any ratio, as that of P9: PR, is to be divided 
into any other ratios by-an arbitrary inſertion of other quantities 
Pa, Pb, &c.; theſe are not neceſſarily intermediate, or contained 
between P and PR, the ratio of PN: PR being equal to the 


ratios of P: Pv and of PV: PR. For the ratio of P: Pu is 


equal to the ratios of P: PR and of PR: Po 16), and conſe- 
quently the ratio of P: PR is equal to the ratio of PQ: Pv 
diminiſhed by the ratio of PR: Pv, or added to the ratio of 


Pv: PR (15). 


ADDITION or RATIOS. 
18, PROP, To add the ratios of A: B, C: D, E: F, Ge. together. 


When the two i of 4 B and C: D are to be added, let 4 


and C, B and D be reſpectively the ſides of two rectangular paral- 


lelograms X and Z; and (Euclid. v1. 23.) the ratios of A: B and 
C: D, when compounded, are equal to the ratio of X: Z, or of 


AN C: Bx D, theſe quantities being reſpectively equal to x 
and Z. When the ratios of A: B, C: D, E: F are to be added, 
the ſum of the two firſt is equal to the ratio of AC: BD by the 


| Proceſs above; and, by making A C and E, Bx D and F. re- 


ſpectively the ſides of two rectangles, it appears, by the ſame pro- 


cels, tar the ſum of the ratios of AC; BD and of E: F. is equal to 
the 
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the ratio of ACE: BDF. Whatever be the number of ratios to be 
added the 1 is ſimilar, and gives the * 


RULE. 


Multiphy the antecedents together for a new antecedent, and the Con= 
Jequents for a new "_— 


19. EXAMP. I. The ſum of the ratios of 1:2, 3:4, 5:6, 7:8 
is equal to the ratio of 1x 3X 5X7 : 2x4x6Xx8, or of 105: 384. 
This alſo appears from the following analogies and article (1 9); 
for (38) | | 
x : 2:7 204 7 826 
43 : 4:3: 210-3 200. 

16 25 2/386 
| 728: 336: 364. 

The ſum of the ratios of 1 : 2, 3:4. $56 71 8, is equal to the 
ſum of the ratios of 105 : 210, 210: 280, 280: 336, 336: 384, or 
( 6) to the ratio of 105: 384, as above. i | | 


_— Ex AU. II. When two bodies move with uniform mo- 
tions, philoſophical writers ſay, that the ſpaces deſcribed S and s 
are to each other in a ratio compounded of the velocities and 
times; the meaning of which is, that theyratio of the ſpaces is 
equal to the ſum of the ratio of the velocities when changed, and 
the ratio of the times when changed, or that the ratio of S: 5 is 
equal to the two ratios of V: v and of T: t, or to the ratio of 
VT: uxt, ſuppoſing v and ? to RI any correſponding | 
values of the velocity and time. 


21. Cor. 1. If there be any number of quantities A, B, C, D, &c. 
of which 4:B::R:r and B: C:: S: and G: P:: T: f, A will be 
to D as RST: ret; for A: D in a ratio compounded of the ra- 
tios of A: B, B: C, C: D (6), e 11 8: 5, T:r, or 
as RST: 741 (18). 5 


SCHOQ- 


a 14 


| INTRODUCTION TO 


s HOL IU M. 


22. When the terms of any ratios are forces, times, velocities, 
&c. lines or numbers are ſuppoſed to be taken whoſe ratios are 
the ſame with them, and rectangular parallelograms whoſe ſides 
are theſe lines, or the products of theſe numbers actually multi- 
plied together, are always implied in the multiplication of ſuch 
magnitudes. The ſum of the ratios of L: M (denoting forces), 
of N: P (denoting velocities), of Q. R (denoting ſpaces), and of 
S: 7 (denoting times), is equal to the ratio of LVA NN & S: 


Mx Pv Ry J, which ſignify two products of numbers on: 


factors are as L: M, N: P, Q: R, S: 7 


| SUBTRACTION oF RATIOS. 
23. PROP. To ſubtrałt the ratio of C: D. from that of A: B. 
Let the ratio of A: B be equal to the ratios of C:D and x: ”; 
— FF r 
and (18) A: B:: xũC: yD, and x 7 TH (Euc.v.4.):: AD: BC 
(Euc. v. 10.); from hence we have the following | 


RULES. 


Ru LE I. Divide the antecedent of the ſubtrabend by the antecedent | 
of the ratio to be ſubtracted for a new antecedent, and the * by 
the conſequent for a new conſequent. 


Or, II. Invert the terms of the ratio fo be fubtratted, and proceed 
as in addition. 


24. Ex Auf. I. The ratio of 6: 5 ſubtracted from the ratio of 


3: 2 is equal to the ratio of 7 F + or of 15: : 12, which 1s thus con- 
firmed. The ratio of 352.18 3 to the ratio of 6:4, which i 18 


equal to the ratio of 6: 5 and of 5: 4 (16); and if the ratio of 


6:5 
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61 5 be taken away, the — . pe. 12 
(Eoe. v. 15. ). rs ei | 
25. Exam. II. The ratio of 2: 3 diminiſhed by the ratio of 
2 


4: 5 is equal to the ratio of = 4 5 or of 10: 12, which is thus con- 


firmed, The ratio of 2: 3 is equal to the ratio of 4: 6 (Euc.v.15.), 
that is, of 4: 5 and 5:6 (16); and, if the ratio of 4: 5 be taken 
away, the temainder! is the ratio. of $7 6 or of 10: 12 (Euc. v. I 5. ). 


im or RATIOS. 
26, PROP. To Ws hs ratio 1 "OY _ number m. 


St 4 ST. Sf 


and this added to the ratio of A:B 1s pong to the ratio of 9. B55 
and this repeated times will clearly give the ratio of A: B* 0 8). 
and we have this rule. | 


R U L E. 
| Involve the terms of the ratio to a a. equal to the multiplier, 


27. EXAMP- I. Four times the ratio of 4: B is equal to the 
ratio of A.: Bi, which is confirmed by the n proceſs; 
for (38) 

A: B:: A „ 
A: B:: A; B: A*B* 
A: B:: ABZ: A*B? 
4 B:: AB3 : B.. 


Therefore four times the ratio of A: B is equal to the ratios of 


At: BB, AB : A*B*, As BZ: AB3, ABB: B., or the ratio of 


A+: B. (16). 


28. Ex Auf. 


rs 
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il 28, Exaur. II. Five times the ratio of 2: 3 is is equal to the 
1 ratio of 25: 35 or 32: 243, which alſo appears from the proceſs 
4 above and (16). For (38) | 
1 | „ 148. 
„ 
2:43372 108 
DIE 108 162 
3 3 162: 43. 
Therefore the ratio of 2: 3 multiplied into five is . to the 
ratios of 32: 48, 48: 72, 72: 108, 108: 162, 162: 2433 or to * 


ratio of 32: 243 Ok 


' DIVISION: or RATIOS. 
29. PROP. To divide the ratio of A: B by any number m. 


Let A= and B =y"; and the ratio of A: B is equal to che 
ratio 5 * : Vor to m times the ratio of x: y 6 8), which is there- 


/ fore T = part of the ratio of A: B, and . to the ratio of A: Bn, 


becauſe 'x = 45 and y = F. Whence we have the following | 


RULE. 


Extract that root of the terms of the ratio which is is expreſſed by the 
diviſor. | 


30, EXAMP. The ratio of 32: 168 divided by four | is . to | 


the ratio of 3D: : 762+ or of 2: 3- And this is confirmed by the 
proceſs uſed in example (28), where the ratio of 32 : 162 is equal 

to the ratio of 2: 3 x 4, and conſequently the ratio 15 2:3 18 ith 
2 REA ratio of 327 162, | 


31. PRoP. When the difference of tavo magnitudes is very ſmall 
compared with the magnitudes themſerver, their ratio is multiplied or 
a divided 
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divided by any number m, by increaſing or diminiſhing their difference 


m ti mes. 


oe 


«AI — 01 WW. 


Dau. Let the two e be A and 42 = 5 5 differ- 


ence y is very ſmall compared with A; and m times the ratio of 
a Azy is equal in. th ents PINES , or of A: An = 


m Any 5 m. 2 4 52, Kc. or (dividing the antecedent and | 


conſequent by 7-0 the ratio of A: An]; becauſe the 


2 73 <P RE 
terms involving = A &c. are evaneſcent compared with the two 


firſt, and may be neglected. 
no a ſimilar Dn »th- OT of = ratio of 4 4 apptars 


. 


| 32. Exane. Twice the ratio. of 11: 10 is equal to the ratio 
of 11*: 1012 or of 121: 1003 and, according to this e 
it is the ratio of 11: 9, or of 121: 99. 
Twice the ratio of 101: 100 is equal to the ratio of 5 Ion: 10002 


or of 10201 : 10000, and according to this propoſition it is equal 


to the ratio of 101: 990 or of 10201 : 3 9999, which 1 is nearly equal 
to the former. | 


33. EXAMP. IT. A half of the ratio of 101 : 100 is equal to the 


ratio of To11*: 1000 or of 10.049: 10 nearly; and by this pro- 
poſition 5y is equal to the ratio of 1003: : 100, or of 201: 200, or 
of 20053 10.) oe 


METHODS OF cou AN RATIOS. 


34. DEF. Proportion i is an equality of ratios. When * ratios of 


A: B and C: D are equal, they are ſaid to be A and uſually 
written thus A: B:: C: D, or A is to B as C to D 


C 35. Cor. 
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35. Cor. If A,B, C, D be proportional; and 1 z B, or 5 . 


C will be equal to iD, or to 7 * D; or if theſe magnitudes be 


[| 
li incommenſurate, a a nd 4 be greater, or leſs, than any part or parts 
of B, C will be greater, or leſs, than the fame part or parts of D. 
m +1 ke 1] = . 
* 


| [i If. A be contained betyeen — * B and 82 6 and 1 being 


It 2 Je . 
1 3 #57 71 15 „N * 


f ö any / mambers 8. We .C mill allo be contained between Z x D 


07 ir; 
— —— * 
PPE 
- 


f | | and — „ P. This is evident from the definitions of ratios and 


y ll = 
h | | proportions for if 26 wars contained between: 7% 1 5. 
or — = x B and TnL, B, and G RY not tide between 75 D: 


3 D, A's magnitude = 


l | th or Z x D and 
with F 85 would 25 be equal to York magnitude. compared with D's, 


or the ratios of A: Band C: e be a. and d wauld 
not be Proportional. b 


1 
a | * 4 8 rr. 22 *% 7 3 x 1 83 
of it! | B45 [F353 26 CO; - 48 . 5 +. 


4 Proe., A cannot be greater thas, —_ A or 45 3 uny 
part or parts of B, but at the ſame time C is greater than, equal to, or 
leſs than, the ſame part or parts of D, cs will be * or A: B 
: C: D. 5 


Bit 2 
4121141 * * 


DEM. Let A: B:: E: , and if of =2 =x'B, B=2xD (35), 


— — — — 
— — 


222 222 —— 


and, from the Ln 3 * « D: | therefore E E C. and 


— p — — « 
— — . — . TP, 


A” 9G — to 


. E magnitudes be incommenſurate, and if 4 
| be contained between Ex * and - —— 2 B, E will be contained 


daes "xD and —.— . . and, from the ſuppoſition, 
5 „ 
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© will be contained: berween:7 x D and e D. The differ- 
ence therefore between G and 18 g 5 * D and —;—- 
and conſequently is not greater than 2; ; and becauſe this is true 
whatever be the magnitnde of the. — 2. which may be un- 


aſſignably great and =, C will be equal to 3 A: B:: C 
2D. D. - 5, 10 4:41 + 2 


ope 


Bx C. For let 4 ==xB, and therefare cg . 
quently AxD=ZxBxD, and BEC B „D. Ax D. 1 


ö N 
+4 15 7272 I > — 113% 1220 h5; 2 4 


they be incommenſurate let A be greater than 2 x B, and leſs than 


1 K 120 4 5 $991 pf 
'M T 2 % %% befinde wg A 2 
* x <B, and C will be contained between EY D and 1 — 


* D (3 oy therefore 4 X .D is contained between Dx * 2 = x * and | 


„* . and 6x3 is contained between Þ x 2D. and 


VI SPREE! * vl R * Ei 


B x © 2 2 D. The difference of theſe ede is therefore not 


greater than 2 which, becauſe n may be taken * 
great, =0; 4 aa only. 4 DN oa . 


— 


38. Cor. 2. If two " Pehl equal, their factors are propor- 


tional. erden aud) if 4 = - " eben C =3 75 


N 5 | Ca; | Py 


7 xD, 
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= (by ſubſtituting 4' 8 value) 7 * D; or if 4 be leſs than = ES. 3 


1 A 
x B, but greater tan 2 LE ; then C, being equal to xD will 


be leſs than = = x D, and greater than 55 x B; conſequently (36) 


4:B::C:D. In the ſame manner it may be proved, that 4: C 
: B: D, if they be ſimilar; or that A:BC::1:D, and B: A:: 


D: C, or B: Ax D:: 1: C, or A: B:: C: . Any equation is 


therefore reſolvable into a proportion by Fi arranging the terms, 
that the rectangle of the extreme terms may be one fide of the | 
equatien, —. that of the mean terms the other. . 


39. Cor. 3. TE which M hs to = ratio, are equal to 
m_ other. Let A: B:: C: D and C: P:: E: E; and if A be equal 


to = * B, or contained between © Fa: x - and 5 A : X B, 0 will be 


ik 17 „XP, or contained between © 1 and 60. 


and alſo E will be equal to = = x E or contained between © 7 F and 


yo tht x F( 35); therefore A ad E are e either equal to, or contain- 


ed between, the ſame parts of B and F reſpectively, and A: B:; 


E:F(36). 


40. Cor. 5 If A: B:: C: D they will be proportional inverſely, 
or B: A:: D: C. Let A be equal to = * or contained between 


- X B and . and C will be equal to 7 D, or contained 


between Z x D and E= 
2 | we” 


x D(3 5); therefore - x A is equal to 
1 
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or greater than, and TEN x 4 is leſs, than B, or B Is contained 


between 5 —— x A and = = x A. or on to = = Xx 4; * for the 
ſame reaſon O is contained between ——— * D and — x D,or equal : 


to — x C; therefore (36) B: A:: D: < * 


41. Cor. 5. e are proportional to their ä 5 
or N _ Let A == 7 * B, and ul will by oqnal to = 7 2B,.: 
and 422 XK 1 283 tharefons: (36) A: B:: 24. 2 B.: 1455 25 or 


let 4 be contained between 2 = * B and = "x B, Fur! 24 n be 5 


contained between —X 2B — : * 233 | and i between! 


*. 1. 


x 2B ma 1 therefore (36) 4. B:: 24 25 514. 28, 
&c. 


— 


42. Cor. 6. If 4: B:: C:D, 4%: E c=: D- and 48; Hs 10 


D. For m times, or an n part of, the ratio of A: B is equal 


to 7: times, or an m part of, that of C: D, becauſe theſe ratios 


are equal to each other ; 9 ( 34) A: :: C-: D; and 


A.: Fr: C: D. 


— 


43+ G25 If A: B.: C: D; then A+B: B:: CD: D. Let 4 


be equal to 2 , or contained between = x B and 2 x B, 


and (35) C will be equal to — =xD, or contained between "xD 
and. 
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and N D; therefore adding B to both, A +8 will be equal 


to — 1 * x B, or greater than 


x B and leſs than re | 


1 1 0 MW 
x D, or greater than this, 


x B; and C-+ D will be equal to —= 


x D; and a (36) A＋B: B 
CD: D. In the ſame manner it may be proved, that 4 — B: 


and leſs than 


— — 
7 


B. :D; and A: B:: A C: BD, 


F 64 . Dr F. That ratio ts faid to & greater = l 5 . 3 wh : 
antecedent has a greater proportion to its eee the antecetent 


of the of other to its . 


1 


Two ratios, or BOY ants, or e are the fame. 
are eaſily compared: for it is evident that the ratio of 6:3 is greater, 
and =” ratio of 4: 3 leſs, than the ratio of 5* 3; and the negative 
ratio of 3:6 is greater, and of 3: 4 leſs, than the ratio of 3:5. , 


45. The firſt method of comparing unequal ratios is to reduce them to 
other ratids.equal to tbem with a cammon axtecedent, or conſequent. . 


S002 31-0 3 J 310 "s, 520250773 101, 
»EXAMP. To compare the ratios of 1: B and of C: D. 'Find:a 


y * 
4 fe 


ratio equal to either: of them, whoſe antecadent or rs MS is 


the antecedent or conſequent of the others thus, A:: Ci 7 38), 


and conſequently. the ratio of 4: B being equal! to that of C: 


BNC 
A , 


* greater or leſs len the ratio of C: D, according as ff is leſs 


or greqter than D. 


Let 
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Leet the ratios of 3: sand of 6: 9 be compared; and 3: 5% 


2 (10),” therefore the ratio. of 3:5, deing the ſame with that « 
6 105 is a * 1 ratio than that of 657 9 | 


46. The ſecond method of comparing ratios, is to Jivide the anteces- 


dents by their reſpeaive conſequents, and that ratio will be the . 
the quotient of whoſe terms 16 the greateſt. 33 


Eri. The . of. A: B, being equates that of O. (38); 
is greater than, equal to, or leſs than the-ratio of C: - — 


as 2 is leſs than, equal to, or greater than B. or — Ales than, 2 


4 = 
* * \; 44 


equal to, or greater than D's or - greater than, equal to, or leſs. 


than — This method i 18 expeditious and ns; but let- it be re- 


2 — 7 


membered: that Z 5 is a beendet as every quotient is, and eee 
meaſure the = of A: B, nor 1s the relative nen or ratio» 


of the ratios of A: B and C: D equal 0 to the ratio of J _ 55. 


47. The third method of comparing ratios. If A be 3 FA 
pween — — x B and 2 x B, and C be contained between = x D and 


= D, the ratios Yf A: B and. E: D are eval; if therefore A be 


n 
greater than — = x =D od 2 be not greater than 2 F *, or if 94 * 


greater than m 'B, but n C not greater than mD, "the ratio of A: R is. 


. greater than that of C: D. 


Ex AMP. 
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x AI. Let the ratios to be compared be 7: 5 ani 4:3 „ Mul- 

tiph the firſt and third by 3, and the ſecond and fourth 4, and 
the reſulting numbers are 21, 20, 12, 12; and the firſt multiple 
being greater than the ſecond, but the third not greater than the 
fourth, 7 has to 5 a greater ratio than 433. 


48. Dx. Any magnitude A is ſaid to be, or vary, reh a. as an- 
other B, when A is to any new value of A as B to a correſponding new 
value of B, that is, when A: a:: B: b. a and b OW eee ne 
values of A and B. | 2 ye | 


IG. Iv. Ex Ar. I. 1f the line un move . to itlelf, and its extre- | 
mities m and » be always in the lines LP, LA; Lu varies as mn. 
For LA: La (a new value of Lm):: mu: AB (a n 
new value of un). 


Ex AMP. II. The area hos varies s dire&tly as the dene of Ln 
or mn; for Ln: LAB (a new value of Lmn): mn: AB. _ 
ſquare of a new value of mn). 


49. DzF. Any magnitude A is ſaid to be, or vary, inverſely as 4 
other B, when A is to a new value of A, as 4 cotemporary new mo of . 
Big to B, or when A: a: 8 = 


* 


Ex Aue. I. In the lever the power is inverſely as the perpendi- 
cular let fall from the center of motion upon its direction; for 
let F and f be two powers in equilibrio, & and p the perpendicu- 
lars let fall from the center of motion upon their directions; and 
F;: f (a new value of the Power): :þ (the perpendicular let fall upon 

F*s direftion).; P. 


Ex AM. 
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Ex Ar. II. If a given ſpace be. deſcribed in different times 
7 and t, with unequal uniform velocities and v, the velocities 
and times are inverſely as each other; for V: v (a new value of 
the velocity) :: ? (a new value of the time I to v): T. 


* 


Ex AMp. III. If two variable right lines 4 B. AC form the "EP FIG. V. 
rectangles FD, E F, they are inverſely as each other; for (Euc. 
VI. 14.) AB: CF (# new value of AB)::CE (s new value of. 
1 


FCHODFUM (ö = 
50. When any quantity 4 varies directly, or inverſely as any 3 
other B, an analogy is always * and A and B are not neceſ- 
ſarily 1 | | | 


123 Cor. 1. If A be dresdy as B, and B NN] as C, 4 will 
be directly as C; for (48) A: 4: : B: b and B: Gr: G5 n 
: (39) Aza:: C: c, and A is directly as C(48)- 


: 52. Cor, 2. If A be as B and B as C; A will be as B C, or- 
as VI; for A: u:: B. b:: C: c, and (43) B: b:: BG: be; 
therefore (39) A:a:B==C:b=c, and A is as BO (48): and 
becauſe the ratios of B: ù and C: c are equal, B=: 2: : BC: bc and 
B: b:: VBC: Vc. B therefore, and conſequently A (51), is as 


u 4, or as 2 a = (41); therefore (48) A is as N A, or as 2 | 


D 5.4. Cor. 


26 
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154: Cor. 4. If A be as B, A: will be as Bz, and 4" as BY, and 
4 as Be; for ſince A: a:: B: b (48) Abr a" BY *, or A®: a: 


Be: on (42); therefore A“ is as B and A” as * (48). 


| 55. Cor. 5. If 8 be as 7: vii be as 7, Þ T, and 5 a 


a given quantity: for (48) S: :: VT: ut and 5 7 3: T: endö 


I 
1 V: v, and = p: 11 (45 therefore, is as 7, Sas V, J, and * 


1 Fol not vary ot 


56. Cor. 6. If A be as B, and Cas D, Ax C will be as B D; 


for A: a:: B: h and C: c:: D: d; therefore the ratios of A: a and 
C:c are equal to the ratios of B: 5 and D: d, and the ſums of theſe 
ratios are equal, or the ratio of AC: ac is equal to that of B D: 


2 (18), and AC: ac:: BD: bd (34) and AC 1s A (48). 


51 Car. 7. If 4 be inverſely as B, then B will be inverſely as 


A; for A: 4 :: B: b (49) and &: B:: 4: A; ee 5. 


adds Fd 


58. . 8. If A be directly as B, and B inverſely as C, A will 
be inverſely as C; for A:a::B:b (48) and B: &: : c: C; therefore 
A: a:: c: C (39), and A is inverſely as C (49). | 


59. Cor. 9. If A be inverſely as B, and B inverſely as C; A 
will be directly as C: for A: 4: 6: B and 6: B:: C: c, therefore 


2: and A is as C. 


Co. Cor. 
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60. Cor. 10. If A* B be always the ſame, A is inverſely as B; 
for Ax B: ax b:: 1: I and A: a:: 5: B; or otherwiſe, . 


Finn A: 4:: 6: 3 (38). 


61. Cor. 11, If A be — as B, it will be as 5 and v. v; 
for A: 4:5: B oy 3 1 3 Ai is as + 5 (48). 1 4 
be as 5 F A: a5 5 Ile, FE ION and Lis inverſely as B (49). 


62. Cor. 12. If 4 be as 12 A will be inverſely as 25 for 4: 


4: . 8 Seh 75 7, T (43); and A is inverſely as + T0 Lon. 


63. 5 EF. Tr any . A be A oy Geral others p, Q. 
R, 8, T, all independent of each other, fo that none of the quantities P, 
Q R can vary, but A varies in the Jame ratio, nor either S of T can 
vary, but A varies in a contrary ratio; A is ſaid to be as P and — 


and R. * and S and T inverſely. 


Thus, the fraction . . varies as L RO Mand N directly and 


X and Z inverſely; becaufe none of the factors in the numerator 

can vary, but the value of the fraction varies in the ſame ratio; 
and none of the factors in the denominator can vary, but the value 
of the fraction varies in a contrary ratio. If any one of the factors 


in the numerator be multiplied by 2, 3, &c. the value of the frac- 
tion is 2, 3, &c. times its former value; and if any of the factors 


in the * * multiplied by 2, 3, &c. the — ut the- 


fraction becomes 2 3? ? Kc. of its former value. 


Ma: 64. Cor.. 
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: 64. Cor. 1. 1 any magnitude A vary as P and 2 and R . 
rectly, and as X and Z inverſely, theſe magnitudes being inde- 
pendent of each other, and any one may vary without aftecting the 
reſt, A will vary * For let any new cotemporary va- | 
lues of P, QR, A, Z, be reſpectively equal to p, 2, 7, 15 E, po let 


A, when changed in the ratios of P: p, Q. 4, R r, * 2, and 


- le a; that is, 


: A: B A's value after the change of P. 
: B: C Ass value after the change of P, 9. 
0: D Ass value after the change of P, & R. 


2 zD: E=A's value after the change of P, R, * 


W. th de ty By 
* 8 SAY 


: E: a As value after the change of P, 2 R. x, Z. 


1 the ratios of A: B, B: C, C: D, D: E, E: a, 3 
of A: 4 (16) is equal to ie ſum of the ratios 9 5. 2:9, R: 7. . 5 


4 
: 5 or to the ratios of = 2 (18); and ad varies as = 
(48) 


65. Cor. 2. If any of the quantities ' of > 9, R, X, Z be given or 


remain invariable, they are to be rejected, and A will vary as the 
reſt. Let P be given or P p, and, becauſe P: p:: A: B, A=B 


(38), and rhe ratios of B: C, C: D, D: E, E: 4, or the ratio of 


B = At. a, is equal to the ratio of N: 7 =(18), and is as N 


| 3 cnn Abe alſo given or tm K- and A (= B= O): 


* 52207 A 18 as 75 (48). Hence may be underſtood what 


as meant by philoſophical writers, when they ſay the velocity ( 
varies 


on 
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_ varies as the ſpace (S) directly, and the time (T) inverſely, or as 
- ; and, if T be given, V is as 8, and, if & be given, Y varies as ; 


606. Examy. I. The number of feet (S) deſcribed in any time 
(D., with an uniform velocity (V, encreaſes or decreaſes directly 
with Y and T, both of which are independent of each other, and 
therefore varies as / x T. If Y be doubled or encreaſed in the ra- 
tio of 2: 1, and J be encreaſed in the ratio of 3: 1, & will be en- 
creaſed in the ratios of 2:1 and 3: 1, or of 6: 1. 


67. EXAMP, II. The quantity of matter (2) in different bodies 
varies as the magnitude (M) multiplied into the denſity (D). For 
if the magnitude vary in the ratio of M: n, and the denſity or 
cloſeneſs of the conſtituent parts, in the ratio of D: d, the quan- 
tity of matter will be changed according to both theſe ratios, or 
Q:: Mim and D: d:: Mx D: ꝝ x d, or Q varies as Mx D (48). 


68. Ex AMuMp. III. The velocity (V of a body moving uniformly 


in the peripheries of different circles, varies as the radius (R) di- 


rectly, and periodic time (P) inverſely. For, if P remain conſtant 
whilſt the ſpace deſcribed or periphery varies, the velocity will en- 

creaſe or decreaſe directly as the ſpace, or as R, becauſe the peri- 
pheries of circles are as their diameters; and if the periodic time 
be encreaſed in the ratio of 2 or 3: 1, or univerſally in the ratio 
of P: p, the velocity will be changed in the ratio of 1: 2 or 3, or 
of p: P. If therefore the radius be changed in the ratio of R: 7, 
and periodic time in the ratio of P: p, and become v, J: v as 


„ „ i 0s... 
R: e, and P: 55 or a8 B: and n 1s as 5 (48). 


69. Ex- 


29” 


30 


INTRO DU CTI ON, &e. 
69. Ex ap. IV. If F be the velocity communicated, by the action 
of a force F, to a quantity of matter repreſented by Q and theſe 


quantities be ſuppoſed to vary, Y will be as 15 for if the force 


become 2F, 3F, &c. the velocity will become 2/, 3Y, &c. and if a 


quantity of matter become 222 32, &c. the velocity communicated 


p will be 4 5 &c. and / 8 ww (64) 


-h 
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MECHANIC Ss. 


ECHANICAL philoſophy acquired the name from its 


utility in the conſtruction of machines; but it is now, in a 


more general ſenſe, underſtood to comprehend two branches of 


ſcience, cultivated at different periods of time, denominated Statics, 
or the ſcience of the equilibrium and relation of powers, and Dy- 
namics, or the ſcience of actual motion. The firſt: profeſſes to 
deſcribe the conſtruction, properties, and mechanical advantages 
of machines, and their various combinations, calculated to ſuſtain 
the preſſure of heavy bodies and facilitate their motion; and to 
Inveſtigate the equilibrium of powers acting upon them, or their 
relative magnitudes, when by oppoſite exertions they deſtroy each 


other's effect or remain quieſcent. This branch comprehends 


that part called the mechanical powers, and is ſometimes called 
practical mechanics. The object of dynamics is the nature, ge- 
neſis, and change of actual motion, or an inveſtigation of the di- 

rection, 


4 


| MECHANICS. 
rection, quantity, and law of variation, of a force or power capa- 
ble of generating any motion or change of motion; and vice 
versa. This comprehends the laws by which all motions are re- 
gulated, the motions reſulting from colliſions, the theory of oſcil- 
lations, projectiles, and centripetal forces, and is ſometimes called 
rational mechanics. The principles of ſtatics were calculated and 
eſtabliſhed by Archimedes, and have, ſince that period, .been al- 
moſt exhauſted by the labours of ſucceeding writers. Galileo de- 
monſtrated the laws of deſcent of heavy bodies, and from him origi- 
nated the ſcience of dynamics, which has ſince been proſecuted to 
an amazing extent in Euler's Mechanica, and Newton's Principia. 
As the objects of mechanical philoſophy are the equilibrium and: 
motions of bodies; a deſcription of the different qualities, or mecha- 
nical affections of matter, producing preſſure, motion, and other 
| phenomena, ought to be premiſed. Mechanics therefore might with: 
great propriety be divided into two parts; of which the firſt would: 
contain the properties of matter, or the exiſtence, intenſity at a: 
given diſtance, and laws of variation at different diſtances, of thoſe: 
general principles which are the apparent origin of motion, and the- 
continuation of motion in the material world, inveſtigated by 
analyſis: and the ſecond would be an application of theſe princi-- 
_ ples, containing fynthetic demonſtrations of their effects upon 
machines, commonly called the mechanical powers, when in equi- 
librio, and their relation to actual motions, rectilineal and curvi- 
lineal, uniform and variable. This is the moſt obvious diviſion 
of the ſubject, and every deviation from it muſt be attributed to 
the deſign of this ne which is ths vulty of = acades 
mic ſtudent. 


N 
G3 
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CHAP. I. 


Or MATTER. 


70. AT TER is the ſubſtance employed in the formation 
of that part of the creation, whoſe exiſtence is evi- 
denced by the teſtimony of the ſenſes; and the moſt characteriſtic 
and prominent marks of it ſeem to be extenſion and ſolidity. In- 
deed ſolidity is the moſt diſcriminating mark of matter, as it di- 
ſtinguiſhes it from every thing elſe; but taſtes, ſmells, ſounds equally. 
indicate the exiſtence, though whatever is ſolid and extended is the 
common and moſt general deſcription, of matter. Many other 
qualities invariably adhere to all matter with which we are ac- 
quainted, whether hard, ſoft, or fluid; and from our ignorance of 
its internal conſtitution, or that latent principle, by whoſe influ- 
ence its qualities are connected, and from which they neceſſarily 
derive their origin, theſe, and many others ĩnacceſſible to the ſenſes, - 
may be ingredients in its eſſence. All our knowledge of matter, 
as far as it is related to the preſent ſubject, is either geometrical, or 
philoſophical :. the firſt conſiders matter as being of ſome magni- 
tude,. or circumſcribing ſpace and having ſome figure, then called 
body, and is uſually denominated ſtereometry, or the menſuration 
of magnitudes of three dimenſions, - length, breadth, and thick-. 
neſs; and the ſecond comprehends all the properties of matter ad- 
dreſſed to the ſenſes, which may be ſtiled phyſical or philoſophical, 
becauſe all the phenomena of nature are conceived to reſult imme- 
„ diately 
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diately from them; as extenſion, ſolidity, or and thoſe appa- 
rently more active qualities, gravity, magnetiſm, electricity, cohe- 
ſion, elaſticity. Theſe laſt are called mechanical affections of matter, 
or mechanical cauſes, becauſe they are conceived to reſide in matter, 
and all mechanical phenomena, or changes of motion obſervable in 
the material world, appear to be directed by their neceſſary and uni- 
form agency. The philoſophical properties of matter are diſtin- 
guiſhable into two kinds, general, and ſpecific: the firſt are ſuch as 
univerſally adhere to every ſpecies of matter, and of which no art 
hath been able to diveſt them, as extenfon, ſolidity, mobility, quieſci- 
bility, inertia, figure, attractions and repulſions, and probably many 
more which are too ſubtle for the obſervation of ſenſe, or have 
yet eluded the inquiſition of the philoſopher; and the ſecond are 
fuch as are attached only to par ticular ſpecies of matter, as opa- 
city, tranſparency, hardneſs, fluidity, colour, magnetiſm, elaſticity, 
&c. Another diſcrimination of theſe qualities is, that ſome are 
incapable of intenſion or remiſſion, as extenſion, ſolidity, i inertia, 


mobility, figure, which are inſeparable from a body and its com- 


ponent parts; and others are relative and capable of encreaſe and 
decreaſe, as attractions and repulſions, whoſe intenſity depends 
upon the magnitude and diſtance of the attracting or repelling bo- 


dies, and as that magnitude and diſtance may vary without limit, 


the influence of theſe powers may, by remoteneſs, decreaſe with- 
out limit, and become evaneſcent. A knowledge of the exiſtence, 
and diſcrimination of theſe qualities, is entirely derived from ex- 
periment and obſervation, and conſtitutes the ſum of all that is 
known concerning matter. The internal conſtitution of it is un- 
known, and its effects cannot be inveſtigated without the aſſiſtance 
of experience; and whether any more, beſides thoſe eight general 
properties enumerated, belong to it, and what, or whether any, 
connection ſubſiſt between thoſe already diſcovered, and to what 
particular conſtitution ſpecific qualities are owing, muſt be derived 
from the ſame ſource, experiment, and if ever diſcovered, will pro- 
bably reſult from the labour of the chymiſt. 


CHAP. 
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CHAP. II. 


OF BXT E NSION. | 


71.4 H ERE are three kinds of extenſion, lineal, as the line F1G. 
AB; ſaperficial, having length and breadth, as 450 D; II. 
and ſolid, having length, breadth and thickneſs, as AH. Ideas of 
. theſe three kinds of extenſion are undeſinable, and only to be ac- . 
quired by the ſenſes of ſeeing and feeling. The perceptions in- 
troduced to the mind by ſeeing or feeling two diſtant parts of the 
line AB, a ſurface ABCD, and material body AH, convey re- 
ſpectively the meaning of lineal, ſuperficial and ſolid: extenſion ; 
which are diſſimilar magnitudes, and incapable of compariſon. 
with each other. A line, having no breadth, cannot, however re- 
peated, conſtitute a ſurface; and a ſurface, having no thickneſs, 
cannot conſtitute a ſolid. The parts of a line, though divided 
without limit, are ſtill lineal extenſion, and the parts of a ſurface, . 
or ſolid, though divided into a number of parts unaſſi gnably great, 
are till ſuperficial and ſolid extenſion: This quality is fo far cl- 
ſential to matter that it cannot be diveſted of it, or canceived to 
exiſt without it. 174 1 8 
72. DEF, A r is ſaid to be finite when an equal to it can 
be aſſigned, or when its encreaſe and . are limited within An. 
able bounds. h 


7 z . Das.-4 3 is ſaid: ta 6 e N or ſmall, ks 
no finite ratio obtains; between. it aud @ fintte magnitude, or when its 
encreaſe or Fe it not. limited & any e baundary.. 


74. PR or. 
* Keil's „ Phyſics,  Muſchenbroek, 
| E2 
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FIG. vll. 


| EXTEN SITION, 
74. PROP. A finite right line E X ts divifible in inſinitum. 


DEM. A mathematical point A may be taken between X and 
E, and another B between A and E, and this proceſs may be con- 
tinued without limit, becauſe the intermediate points A, B, &c. 
having no length, can never coincide with X or E, or with each 


other. — D. 


Otherwiſe : Through E and X draw EP, XC parallel to o each 5 
other, and, becauſe they never meet, a number of points 4, 6, c, 4, 
&c. greater than any aſſignable number may be taken in & C; 


and if right lines be drawn from them to any point P on the other 


ſide of EA, they will divide it into a number of parts equal to 
the number of points , 6, c, &c.: for if they did not, two lines 


muſt paſs through the ſame part, that is, either interſect each 


other in EX, or coincide till they arrive at it, and then diverge, 


FIG. IX. 


both of which are impoſſible. There is therefore no a{bgnable 
limit to the b of EX. "ew D. | 


75. 3 1. The nite Farkace AB cD is infinitely diviſible ; 
for it is equally divided with A B, by drawing mathematical right 
lines pf, g g, rh, &c. from the points p, q, r, &c. parallel to A D, 
which having no breadth cannot coincide. If 4B CD be a boun- 
dary of the ſolid AH, and mathematical planes be drawn through 
p., gg. rh, &c. parallel to AF, they cannot coincide, having no 
thickneſs, and conſequently will divide the ſolid into the ſame 
= pa of parts with the ſurface AB CD, or line AB. 


76. Cor. 2. Every finite line, ſurface and ſolid, is therefore com- 
poſed of an unlimited number of parts; and each of theſe parts 
is compoſed of an unlimited number, &c. For let LM be infi- 
nitely greater than Lu, and take LM: Ln: : LR: Lo: : Lo: Lp, 


&c. and drawing any finite line MA, making an my with LM. 
and 


| EXTENSION, | 
and u B, oC, þ D, &c. parallel to MA and terminated by LA; 
MA is infinitely greater than »B; 1B than oC; oC than p D, 
&c. But MA is infinitely diviſible, and right lines, drawn from 
L to the points of diviſion, will cut 2 B, oC, &c. into the ſame 
number of parts with it. 258 | 2 


— — 


5. Cor. 3. Matter is therefore infinitely diviſible, becauſe ex- 


tended. And this propofition and corollaries are applicable to 
magnitudes of every kind, as velocities, forces, times, &c. , 


8c HOLIVU Mu. 


78. The terms infinitely great and ſmall are relative, and im- 
ply a compariſon with an aſſignable magnitude, and compared with 
it, all infinitely great or ſmall magnitudes are to each other in a 
ratio of equality; but, compared with each other, they admit'of 


the ſame inequality of ratios with finite magnitudes. The line 
AM is infinitely diviſible, and if the points of divifion be equi- 


diſtant, any one part x y, multiplied into their number, is equal to 


AM; and xy: AM:: unity: a number unaſſignably great, or's y 


is an infiniteſimal of the firſt order. The infiniteſimal æy is infi- 
nitely greater than 7, and :? than rs; for xy: H:: wt; K 4 


LM: Ln. But infiniteſimals of the fame order may be to each 
other in any aſſignable ratio; for, let LM be to LF as 3, 4, 5, or 


or m: 1, and FG, being drawn parallel to MA, will be equally di- 
vided with it, and the infiniteſimal vz:; xy:: LM: LF. : 1: 3, 4, 5. 
or any number m. This is called the mathematical diviſibility of 


matter, and is equally applicable to ſpace and all other magnitudes, 
which may be repreſented by extenſion; but that an actual divi- 
ſibility, or actual ſeparation of the parts of matter, is limited by. 
certain inviolate bounds, is inferred from the identity of natural 


ſubſtances. 


Pil E NOM. I. Salt diſſolved in a menſtruum, becomes the ſame 
ſalt when the menſtruum is ſuppoſed to dry gradually. Salt con- 


verted | 


oF 


——— 
: — 
* 


EXTENSION. 


verted, by a chymical proceſs, to an acid ſpirit, is, by reverſing the 


proceſs, regenerated into the ſame ſalt. Metals liquidated by fire, 


are reſtored. to their priſtine ſtate by the attraction of coheſion. 


But were the decompounded particles of the ſalt, or metal, at- 


tenuated by the action of the menſtruum or fire, and again to co- 


aleſce by their coheſive force, ſubſtances of a different texture and 
appearance, and of different ſpecific gravities, would reſult. The 
moſt powerful natural agent, with which we are acquainted, is fire; 


which, whether artificial or collected in the focus of a burning glaſs, 
only attenuates bodies to a limited degree by converting them into a 


thick ſmoke, glaſs, &c. Every ſpecies of matter fluctuates and decays - 
by the ſeparation of its component parts, and is renovated by their 


acceſſion ; but were the nutritious particles, adminiſtering to the 


encreaſe of natural ſubſtances,” capable of diviſibility or diminu- 
tion by attrition, &c. new ſpecies of ſubſtances would reſult with 
new properties and characters. Water and earth, compoſed of 
old particles, and fragments of particles produced by attrition. 
would have a different ſpecific gravity, from water and earth com- 

oſed of entire and unbroken particles; and the nature and tex- 
tures of theſe and all other ſubſtances would by repeated attritions, 


be perpetually changing, which is contrary to experience. Bodies 
therefore break, not in the midſt of ſolid particles, but where 


thoſe particles cohere in a few points; and the diviſibility of mat- 
ter is only a ſeparation of its conſtituent parts, effected by a diſſo- 
lution of that coheſive force which unites them, and is limited by 
ultimate elementary particles which are a perfect repletion of 
ſpace, without pores and indiviſible. 


CHAP. 


\ 


FOLFUEEL 


CHAP, I 


Or SOLIDITY. 


12 H E fecond philoſophical quality of matter is that by 

which it occupies ſpace to the excluſion of all other 
matter, and is called its ſolidity; but the meaning of it cannot be 

conveyed by words, being undefinable and only to be acquired by 
the ſenſe of touching. The perception introduced to the mind 
by the inſuperable reſiſtance felt in a body is an idea of ſolidity. 
This reſiſtance, and total excluſion of matter from ſpace already 
occupied, is inſeparable from all matter with which we are ac- 
quainted, whether hard, foft, or fluid; and the little reſiſtance ex- 
perienced in ſome bodies, is not owing to a want of Tolidity, but 
to their fluidity and ſoftneſs, by which qualities their component 
parts are eaſily diſplaced. That hard and ſoft bodies are ſolid, and 
cannot occupy the fame part of ſpace, appears from uncontroverted 


experience; for the oppoſite ſides of the ſubſtance compreſſing * 


them are never found to meet, but by removing the intervening 
parts. And the ſame is diſcovered to obtain in all fluids within 
the reach of obſervation; for no portion of water, air, mercury, 
&c. can occupy the ſame place, becauſe they afford an inſuperable 
reſiſtance preventing the coincidence of the oppoſite ſides of the 


ſubſtance compreſſing them; and their dimenſions are never found 


to be diminiſhed by preſſure without an adequate cauſe, viz. com- 


preſſibility, and tranſmiſſion through the vacuities of the veſſet 
containing them. Numberlefs facts demonſtrate electric and 
magnetic effluvia, whoſe parts are immeaſurably minute, to be 


capable of impulſe and reſiſtance like other fluids; and it is in- 


ferred from analogy, that theſe fluids, circumſcribed and com- - 
preſſed by plane ſurfaces, would invariably oppoſe their jun- 
Aion, were the vacuities in thoſe ſurfaces leſs than the particles of 
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the fluids. Solidity therefore is an univerſal attribute of matter, 
but its cauſe is unknown and probably undiſcoverable by human 
faculties. The approach of one body to another is apparently 


limited by the actual contact of their neareſt parts, which abſo- 


lutely fill the ſpaces occupied by them, and conſequently a nearer 
acceſs and greater ſurfaces of contact, only reſult from their diſlo- 
cation; but this is not allowed without controverſion. Com- 
preſſibility, contraction by cold, elaſticity, &c. prove that the mi- 
nute parts of ſome bodies are not in mathematical contact, and 
their reſiſtance is an indication of repulſion; and the nearer acceſs 
therefore of two bodies is imagined to be impeded by a ſtrong 
repulſive power, which being overcome, a mutual penetration of 
parts enſues, and the bodies occupy the ſame part of ſpace. But 
this doctrine 1s ſtill only hypothetical; and though the minute 
parts of ſome bodies do exert an influence at a diſtance, and a 
repulſive power be confeſſed to obtain between them, it cannot be 
concluded, generally, to be the only cauſe preventing their nearer 
approach, nor admitted as a general principle in nature, contrary 
to the common apprehenſion of mankind, till eſtabliſned by ſatiſ- 
factory and uncontroverted experiments. The tranſmiſſion of one 
body through another, and apparent penetration of parts, ſeem, 
and may be conceived, to reſult from empty unoccupied ſpace be- 


tween thoſe parts; and the quantity of theſe vacuities is collected 


from the following phenomena. 


80. PEN OM. Many vacuities or pores are actually viſible, 
through a microſcope, in every ſpecies of animals, vegetables and 
foſſils. The bottom of the ſea is viſible at a greater depth than 


ſixty feet. A man's finger, placed before the aperture of a dark 


chamber, is tranſparent by the paſſage of light through its pores: 
and light is tranſmitted in almoſt every direction through glaſs 
and water, and when condenſed three thouſand times in the focus 
of a burning glaſs, it ſeems to be admitted into water and glaſs. 
without obſtruction. Electric effluvia paſs through gold with a 


velocity unaſſignably great, and the magnetic power is tranſmitted. 


through every ſpecies of matter, except iron, without diminution. 
N | The 


nne 


The volatile ſpirit of ſulphur tinges, with a brown colour, filver 
ſurrounded with repeated coverings of cloth or paper; the ſcents 


of muſk, civet, &c. paſs through wood, Air and water imbibe 


each other; oils penetrate the vacuities of ſulphur and ſome ſtones; 
mercury penetrates the pores of gold, braſs, and is tranſmitted 
through human ſkin, leather, &c.; water 1s tranſmitted through 
the membranes of animals, and the fine tubes of vegetables, and 
may, by compreſſion, be forced through gold, ſilver, &c.* From 
numberleſs chymical experiments it appears, that all animals, ve- 
getables, and foſlils, yield water plentifully by the force of heat; 
and all bodies, whether hard or fluid, admit the particles of fire 


into their pores, through which it paſſes and is diſſipated —« 


81. DEF. The magnitude of a body is the magnitude of ſolid exten- 


tenſion, that is, length, breadth and thickneſs , or the number of | 9 | 


FRCHES contained i in it. 


82. DEF. The quantity of matter in a body is the number of equal 


particles contained in it. F the matter compoſing different bodies be 
reduced to equal particles without pores, the quantity of matter in each. 


will be equal to one particle multiplied reſpectively into their number. 


$ 3. Dee. Denfity of a 5 5 is the contigui ty, or che > adbefion, of its 


particles; but this term uſually implies the ratio obtaining between the 
number of equal particles, or quantities of matter, in bodies of the - ſame 
magnitude. 


"Tg Dx F. Er bodies are bloße which have the ane den- | 


fy i in 18 80 ; Ee are "yp which ang not. 


8 5 DBF. 


In the . W experiment, a quantity of water 1 in a "I 
ſphere of ſilver, and then forcibly compreſſed by ſcrews, til the fluid was ſeen to boze 
through the pores of the metal and cover 1 ſurface like a dew. 
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85. Dep. The poref ty of a body is the remotenefs of its elementary 
particles, or the ratio of the quantities of we, in di eres bodies 97 
equal buli. 


86. PROP. FO. D, B repreſent reſßecrively the quantity of matter, 
denſity, and . of a body, and be Suppoſe to vary; uy vary 
as Dx B. 


DEM. If D, or B, be encreaſed or diminiſhed in the ratio of 
2, 3, &c. to 1, 2 will evidently be encreaſed or diminiſhed in the 
fame ratio, and D and B are unconnected; — (64) 2s as 
Dx B. — D. 


5 Cor. I, since Lis as Dx B, if 9, d, 6 be cotemporary new 
values of E D. B; C7. DB: 45, and F. 9: B: b. & N. 5: 
D: 4 (41); or if D be given, is as B; and if B be given, Qi 
as D; and if & be given, Di 18 5 5 and B as 5 This cor. fol- 


lows alſo from (6 5). 


88. Cor. 2. If numbers, or lines, whoſe ratio is the ſame with | 
that of D and B, be ſubſtituted for them, 2 is properly expreſſed 
by the product of theſe numbers, or a ts: whoſe ſides are 


theſe lines. 


89. Cor. 3. If the denſity of a body be encreaſed in the tie of 
2, 3, &c. to 1, the porolity (P) will be — in the ratio 


of 1 to 2, 3, &c.; and conſequently P is as So or (87) as 2 | If 


B be given, P is as 85 and if 2 be given, P is as B; and P being 


given, B is as Q, 
EXAMP. 


8s 0LI DIT v. 


Ex Aup. I. The denſity of gold is to that of water as 191: 1, 
and conſequently the relative quantity: of pores in gold and water 
is as 1: 19%, The relative denſities of gold and cork are as 81j: 1, 
and their quantities of pores therefore as 1: 8 11. 
the magnitude of gold were vacuous, the relative quantities of 


pore and ſolid parts in the water and cork, wouls be cy | 


as 39: 1 and n. 1. 


5 II. If a body whoſe magnitude is A were conſtructed of 


particles cohering in ſuch a manner as to have ; of its magnitude 
vacuous, and theſe particles were ſimilarly conſtructed of other leſs 
particles having! of their magnitude vacuous, and the third order 
of particles were elementary, and a perfect repletion of ſpace, 
the quantity of vacuity would be equal to Ax Axixi+ A 


If one half of 
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„ *, AX LTL Ax. And the magnitude of va- 


cuity is to the W of a as 7 : I. 


1 8 CH 0 LI U M. | 
90. What the figure and magnitude of the elementary particles 


of matter are, cannot be known from the ſenſes, which, with every 


microſcopical affiſtance, are unable to diſcern them. An ele- 
mentary particle of matter hath probably never yet been ſeen. A 
number of elementary particles, uniting by the power of coheſion, 
form greater particles; and theſe, uniting again by the ſame 


power, form greater ſti ſtill ; and, this proceſs being made repeatedly, . 


a corpuſcle is at length formed of a ſenſible bulk. All bodies 


| ſeem to be compoſed of theſe derivative corpuſcles, which, formed | 


of more or fewer repeated unions, compoſe bodies more or leſs 
denſe. Theſe derivative corpuſcles ſeem ſometimes to be ſimilar : 
if a beam of light be ſeparated by a priſm into ſmall coloured rays, 


and any ſlender ray of the ſame colour be minutely examined, its | 


component parts ſeem to be ſimilar, becauſe they affect the ſight 
exactly in the ſame manner. Pure mercury ſqueezed through the 


perey of leather, or raiſed 1 into fume, and receiued upon clean glaſs, 
e 2 | exhibit 


FIG. X. 
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exhibit globules ſimilar and undiſtinguiſhable. This is alſo ob- 
ſervable of the vapours of pure water. And, in other ſpecies of 
matter, the derivative particles are combined from others exactly 
ſimilar to them; a red globe of blood is obſerved, through a mi- 
croſcope, to be compoſed of fix yellowiſh ſerous globes, and every 
one of theſe is compoſed of fix lymphatic globes ; but farther the 
microſcope does not enable us to proceed. Every ſpecies of mat- 
ter, however different in denſity, may be conceived to be formed 
of equal and fimilar elementary particles. Thus, the particles 
A, B, C, compoſed each of fix equal elementary particles, are dif- 
ferent; and theſe particles may, by a different combination, form: 
different ſtill; and theſe repeated coalitions may, by changing the 
original and ſucceeding numbers and their poſitions; form maſſes of 
matter * g in endleſs vafiety.. #615 | 


UNIFORM MOTION. 


91. From the ſolidity of matter, whether owing to repulſion or 
actual contact, reſults its capacity of impulſe or of being protruded, 
and conſequent mobility of body, as far as the cauſe of mobility 
ſeems to be known. If the body A, in motion, ſtrikes another body 
B, not retained in its place by any force, B will be protruded and 
move; becauſe, from their ſolidity, they cannot penetrate each 
other's dimenſions; and the communication of motion in this cafe 
is the neceſſary conſequence of ſolidity. Motion ſuppoſes the ſuc- 
ceſſive exiſtence of the body moving in different parts of fpace, and 
therefore cannot be underſtood without preſuppoſing a knowledge 
of {pace and time; which therefore muſt be premiſed. 


92. DEF. Space is that which contains the whole ſenſible creation, 
is unlimited, and its pou are homogeneous, inſeparable, — and 


unreſiſting. 


33. Cor. Since ſpace is unlimited in every direction, and its 
ores ſimilar and I, any portion of 1 it can only be 
| aſcer- 


SOLIDITY. 
aſcertained by its relation to ſome aſſumed ſenſible mark or ob- 


ject. Hence of place, which is a part of ſpace, there are two 
kinds, abſolute and relative. | 


. 


94. DR . | The ea, . of a body 18 hit portion _ this . 
mited ſpace, which is occupied by it when fixed and immoveable; and 
the relative place of a body is itt fituation with reſpect to ſome afſumed 
mark or _ which "eu may be moveable, 


9 8 on. The „ and 2 place of a body coincide, 


when it and the aſſumed object are immoveable, or remain in the 
ſame part of fixed pers... E we cannot ; perenies the abſolute | 


et of ny _ 


: ues des Vs het which flows uniformly, is unbounded, 
continuous; whoſe:parts are fimilar, and no two exiſt together. An idea 
of duration is obtained. by . obſerving the. interval between our 
ideas, or between the ſucceſſive appearances of any external object; 
and, as it 1s, ſtrictly, only meaſurable by a portion of duration, 

and no two parts exiſt together, conſequently cannot be compared 


by juxta poſition, time, which is a part of duration, is of two 


kinds, abſolute and relative, 


f THT bis e . G. n * at. *. . 
97. Dxr. ee time 18 4 5 „ f vending a quantity is 
only known by a compariſon with another portion; and conſequently the 


relation between any two parts of abſolute time is undiſtoverable. Re- 


lative time is a part of duration which elapſes during any motion of 


body, ur any * of external G 


< 


. 4 . ” 
13. * S ol 11 _ : = 7 5 * 
* i (3 & #- f 3 : 1 7 : N 12 


98. 11 r. An inflan rs 1 8 rode any ro contiguous 
portions of time, as a Point is the boundary of any ——_— lines ; and 
a moment is any. _ Peron: of tine. 4 


8 5 Dex- 
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4 moving body paſſes, is called the ſpace 1 1 


SOLIDITY, 


09. DEF, Abſolute motion is a change of abſolute place, and abſo- 
lute reft is a permanence in the Jame — place. 


100. DEF. The direction of motion 1s the pofition of the line upon 
which it is made. When the mation is re#ilineal, its direction is this 
right line; when curvilineal, the direction is * tangent to that point 
* the curve where the * e is. 


101. DEF. Velocity is the icke or TO of motion, or the rate 
at which a 5 moves. 


102. DEF. A body is ſaid to move with an uniform, accelerated, or 
retarded velocity, when it continues the ſame, encreaſes, or decreaſes, 
When the encreaſe, or decreaſe, of velocity is the ſame in any equal times, 


the acceleration, or retardation, is ſaid to be uniform; and when this 


encreaſe or decreaſe of velocity, encreafes or derreaſes in any equal times, 
the acceleration, or retardation, nen or eee gg wr ratio. 


103. Day. The line joining all the 3 1 un which 


7 + 
* 4 * 
> . - 


104. PROP. 1f S 5 the ſpace unifermly deſtribed with the 
delocity V in the time T, and _—_ OY cs. nn 8. 


a 4s Buse e 


1 
2 e N * g p 9 20 % n 7 % . » * 1 
W 4 : * s Pp 
3 82 * 0435 — ' - , oy f 
1 a 4 * 
5 „ 0 
. . . * ; N I x . 2 
$- 8 : v 0 


This propoſition i is proved, not inelegantly, by the following proceſs: Let & and / be 


| 1 deſcribed uniformly, with the velocities and v, in the times T and :; and 


T: :: S: = 9 = the ſpace deſcribed in the time: with an uniform velocity equal 


to V; e 7 l V: „r h, ph e j 1 r 
Dr. QE b. 


| EELINETY © 47 
DEM. If either or T be encreaſed or diminiſhed in the ratio 
of 2, 3, 4+ +++ 2 1, the ſpace will evidently be encreaſed or dimi- 
niſhed in the ſame ratio; and becauſe F and J are unconnected, 


or either of them may be — without affecting the other, 
S will _ as V x 5 Q. E. D. | 


265.5 cor. i Becauſe 5 is as 112 7 will be as f 7 Ty and, 


if 8 be you Tas = 5 and 2 = 7 (65). 


106. Cor. 2. If be given, S is as T, or the ſpaces deſcribed, 
with the ſame uniform velocity, are true meaſures of time, and 
may be ſubſtituted for it. And, T being given, S is as V, or the 
ſpaces deſcribed in the ſame time uniformly, are meaſures of the 
velocity: if Y, or any other ſymbol, be called velocity, it denotes 
the length or number of feet deſcribed uniformly in one ſecond, 
or any other time. Let any values of the velocity be to each PLATE 
other as A: B, or as 3: 2, and any cotemporary values of the time FIG. in. 
be as C: D, or as 5: 4, and the Ou by aro will be to each 


other as X: Z, or as 3 * 5: 2 * 4. 


107. Cor. 3. If lines therefore be ſubſtituted for Y and 7, the 
: * S will be as the reQangte, whoſe ſides are theſe lines; and, 
if numbers be ſubſtituted for them, the ſpace will be equal to the 
product of theſe numbers, the time equal to the quotient of the 
ſpace divided by the velocity, and the velocity equal to the quo- 
tient of the ſpace by the time. Let be equal to n feet in one 
ſecond, and T = my ſeconds; and & is actually equal to x þ feet, T 


5 an equal to : ſeconds, and Y 71 feet 15 one ſecond. 
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VARIABLE MOTION. 


108. ProP. In variable finite velecitier, the vekeit lie an in- 
IAnitely ſmall time, is uniform. 


DEM. The encreaſe, or 4 of velocity produced in any 
finite time, is finite, and, if the whole encreaſe or decreaſe be di- 
vided into any infinite number of increments or decrements, each 
will be infinitely ſmall and vaniſh, compared with the whole velo- 
city, which therefore is uniform. Q. E. D. 


109. Cor. If therefore &, V, T., repreſent correſponding incre- 
ments of 8, V, T, reſpettively; 7 will be evaneſcent compared 


with . S will vary as Vx T' (109), r 19 and 7 48 2 7 (195). 


PLATE 110. PROP. I the 2 48 of any. curve DEF CAGE TA the 
I, xl. whole time, and the ordinates AD, BE; CF, &c. be as the velocities at 
the inſtants A, B, C, &c.. the ſpaces de leſeribed in the times A B, B HY 
will vary as the areas AE, BF, &c. 


DRM. For let Am, mn, up, &c. be moments of time, and the 
ſpaces deſcribed. in theſe moments, are as the rectangular paralle- 
lograms Ag, mr, x v, (107) &c.; and the whole ſpaces, deſcribed 
in the ſums of theſe moments, i. e. in the times AB, BC, are as the 
ſums of theſe parallelograms, or as the areas AE, BF. Q. E. D. 


l. 


111, Cor. 1. If the relation between 7 and T, or the ordinate 
and abſciſſa, be given, the relation between the ſpaces, or the arcas 
AE, BF may be found. 


112, Cor, 


80LIDII V. 49 
112. Cor. 2. If the area AE be always as the ſpace deſcribed PLATE. 
(S) in the time AB or T, the velocity is as the ordinate BE; p16. x1, 


for according to this ſuppoſition, S'is as AD x Am, or AD x T, 
and (109) as V x T'; ben V is as AD. © | 


113. Cor. 3. If AS repreſent the ſpace deſcribed, and the or- 
dinates AD, BE, CF, &c. be always inverſely as the velocities at 
thoſe points; the times of deſcribing AB, BC, &c. will be as the 
correſponding areas -_ B F, &c. For the time of deſcribing any 


ſmall ſpace Am is as >, or as Am x AD; and conſequently the 


ſum of the moments, or whole time of deſcribing AB, is as AE, 


114. P dor. The acceleration and retardation of velocity, vary as the 
change uniformly produced direfily, and the moment of time in which my 
are produced inverſely. 


If the changes of velocity, uniformly produced in the ſame time; 
be as 2:1, the acceleration is as 2:1(102); and if the times, in which 
the ſame change of velocity is effected, be as 1: 3, the law of ac- 

celeration is as 3: 1, or inverſely as the times; becauſe if the times 
were as 3: 3, the changes of velocity uniformly produced in theſe 
equal times, which meaſure the ratio of acceleration, would evi- 


Us 
dently be as 3:1, therefore the acceleration | is as r, and in the 
* 


| ſame manner the Wente is as — . QE. D. 


115. Cor. If the velocity vary as the time, the acceleration and 
retardation are conſtant; for V: v:: Tt, and, ſuppoſing n = 


f A ; LV | 
the number of moments of une or changes of velocity, 5 (): 


— = (v0 :: Z(T): — 5007 or -Y' is as T' and Ft 18 given. : 
G NOTE. 


— — —ũ T7. 
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N O T E. 
91 16. PROp. Tn variable mot ions, if the velocity (V) in 4 point L be as 1 
act deſcribed, the time (T) its Ag that ſpate may be aꝶ pour 27 


Let the body begin to move 1555 A. and AL = ing and J be as z", and F the time of de- 
ſcribing AL. T'is as 2 7 (199) as So and T=- — 7 7 C (eorrection) . ho D. 


117. Cor. 1. If Y be conſtant, or x =o; T will be as (ﬆ) the ſpace deſcribed. 


118. Cor. z. If be as the ſpace deſcribed, or a ; T = or is taal, and the body 


will never move from the point 4. There are therefore no motions in nature, whoſe velo- 
cities are not in a leſs ratio than that of the ſpaces deſcribed, in the beginning of motion. 


119. Cor. 3. If 7 be as the power of the ſpace deſcribed, whoſe exponent is Z 


| ==] — 2, &c. the time will be as that power of the ſpace — whoſe exponent is i, 74 


22 3. &c. 


120. Cor. 4. Let the body move in 4L, and the velocity CV) be as the ordinates of the 
curve line 4 M. which meets LA in A4, and conſequently at 4, Y = o. It is evident, that if the 
time of defcribing AL be finite, or (118) / be as ſome power of AL, whole exponent is leſs than 
unity, or fractional, the tangent at A will be perpendicular to AL. Let be as AL” and Y 
as x» XxX AL” X AL, andY: AL::n * AL"; 1; and, if pig as any N of AL, whoſe 


exponent is leſs than unity, viz. 2, J: AL:: 1 * 41: 1: : 1:2: 1, when AL va- 


MAL 
niſhes, and conſequently the fluxion of the ordinate LM is infinitely greater FER that of the 
abſciſs AL. | 


121. EXAMP, If AMB be a ſemicircle, AB = 24, AL , and the ny, at any 
own L, as LM, or ſuch as would deſcribe =» x LM feet in 1”; T = the fluent of © * of 


o | e -. MM 
,0 ſe b 
8 Tir or „5 ML. 1 r TXAC Ax Therefore wy whole 
time of deſcribing 4B = 2 7: ſeconds, which is a given quantity, and whatever be the 


length of 4B, it will be ackevibed in the ſame time, 


122. PROP. The times of deſcribing AL and- a} (T and t) with velocities which are ale 
to each other as the ordinates LM, Im of ſimilar curves AM, a m, are equal. 


* Euler's Mechanica. | 


DEM. „ whoſe ratio is that of 5: g, and if FL =2, 7 
and LM = v; al = 54, sun The time of deſaribing AL or (7) = 


flu. a. £, and 7 = fu 5 *r fly. * = ws 5 Res Q. EK. P. 


— 


123. DEF. The fel if chan is a line whoſe ordinates are as the weleeities at Sages 
Ol een ee mem n 


ſcale of tied - Is 
124. DEF. The ſeals of time is @ Ene whoſe ordinates are as the time. 1 the ordinate MQ PLATE 
* n as the time of CR. AM, the line 3 called the * of time. _ „ 


125. PROP. J the ſcale of e G 88 * the * (T) 20 be fue. 


| For vb. Sand = 49 and if the relation of the ordinate and ndl, or 
F and 5 be known, the ens . QB.D.. | 


126. Cor. I th ſeal of vlodity 4 be a circular ave the rims is that ares ru NY 


| . Al e an ma an. 


127. PROP, The ek of time AQ bring given ts cnfiru8 the wah of welecity, 


. and Y as Ter 470 8 29 to be perpendicular to the curye. Take 
therefore MN = 118 which is = 2 ora) 7, and Vis the ae of velocity 


128. Cor. 1. If 42 be a right line, and T as n T is 20 W c 3, f- 


Fo e 7 * =, and AN is a right 1255 


RN Sg lh acti * 
129. Cor. 2. If T be as &“ and F as m x &= *; will be a g or 88 . 


If 4 C be the common parabola, or 1 223 il be equal to 4. l, and 4 M is e 
nn FTE} ac hs Sas Ba the rela. 
tion of (MN) to ò may always be found. „ Sages 2 | 

G 2 RELA- 
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RELATIVE MOTION. 


130. DEF. Relative motion is a change of relative place, and re- 
lati ve reſt is a permanence in the ſame relative place. Relative and 
apparent motion are ſometimes diſtinguiſhed from each other, the 
firſt being defined to be that which is attributed to a moving ob- 


ject by an obſerver in motion, and the ſecond that attributed to 


an GT really quieſcent by an obſerver in motion. 


131, DEF. The relative velocity F tuo bodies ts the welt with 


| which they accede to, or recede from, each other, 


{ 


132. Cor. 1. Relative motion and reſt of a body coincide with 


abſolute, when the aſſumed object, by which its fituation is deter- 


mined, remains in the ſame part of fixed ſpace. If the earth be 
quieſcent, every ſhip which moves, or is quieſcent, with reſpect to 


a fixed object upon the ſhore, moves alſo e or is abſo- 0 


PLATE 
IT. 


FIG. 
XVI. 


lutely quieſcent. 


133. Cor. 2, If the object, by which the ſituation of a body! * 
determined, move, abſolute and relative motion and reſt do not 
coincide. If the body B, fixed at the point B in the line A B, be 
the aſſumed object with which the ſituation of 4, placed in the 
ſame line and partaking of its motion, be compared, its abſolute 
velocity will be the ſum or difference of its own velocity and that 
of the line, according as they move in the ſame, or oppoſite, d1- 
rections. If the line AB move in the direction TX, with an uni- 
form velocity of 100 feet in 1”, and A alſo move in the ſame di- 
rection, with an uniform velocity of 50 feet in 1“; A s whole ab- 
ſolute velocity in the direction Y is 150 feet in 1“, and! its rela- 
tive velocity, or uniform receſs from B, is 50 feet in 1”. If the 


line AB move uniformly in the direction & with a velocity of 
| 100 feet in 1“, and 4 move in the oppoſite direction XY, with a 


velocity of 100 feet in 1“, it will _- 3 quieſcent, and its 
5 C 8 relative 


SOLIDITY. | 0 
relative velocity, or B's acceſs to it, will be 100 feet in 17 uni- 
formly: if A's velocity, in the laſt ſuppoſition, be 0 feet in 1” 
uniformly, its relative velocity, or approach to B will be 50 feet 
in 1”, and its abſolute velocity will alſo be 50 feet in 1” in an op- 

Fo direction. 


I 34. Cor Is A \ ſpeRtator hs 5 upon 1000 n 
AB at the point B, only perceives A's relative ne n | 
may be always different from the true. | | 


*135. PROP. If ewo bodies A and B move ar the ſame time from A PLATE 
in the directions AM and AL, with uniferm velocities a and b re- pj 3 
Peckively, their relative velocity will be uniform, and to a as the fine XVII. 
of 4. BAD : 4. BDA, and to b as fin. C BAD : fin. 4. DBA or 4. BAF, | 
Juppo/ing B and D to be cotemporary poſitions of A and B, and AF to 
be parallel ta BD. 


„4 


Dau. Let B, D; . E; M. L; bs cotemporary * of A 
and B; and (106)a:b:: AB: AD::AC: AE:: AM: AL; and 
conſequently BD, CE, LM, which meaſure the relative velocity, 
are parallel to each other, and encreaſe uniformly becauſe 4M 
does. But the relative velocity is to @:: LM: AM:: fin. 4 MAL © 
: ſin. 4 ALMA. and it is to s:: LM: AL:: ſin. LAM: fin. LLMA 
or 4. MAH. WD. kb ts * CY ane def | 


136. Cor; 1. The only ſenſible motion of B to a ſpektator 
placed at A, and ſuppoſing himſelf to be quieſcent, will be along 
4h parallel and equal to ML; and when A hath really deſcribed: 
4 B — 1 to have deſeribed Ab = or L e 


1 37. Cor. 2. If A and B move es Hae with any equal velo- ETG. 
cities in parallel directions 4M, B L, their relative ſituation is XVIII- | 
not he being always equal, and parallel, to 4B; and. if any | ; 

ſpace 


Euler's Mechanica. 


— — — neem 
. Ä 


SOLIDITY. 5 
ſpace AMB L, containing any number of bodies, move, their re- 
lative ſituations are not affected by it. To a ſpectator therefore 
placed in A, in this moving ſpace, and ſuppoſing himſelf to be 
quieſcent, wy body B will appear to be quieſcent. 


138, Cor. 3. It is evident that the abſolute motion of a body 


may be changed into innumerable relative motions uniform and 
rectilineal, if its abſolute motion and that of the body, by which 
its ſituation is determined, be ſo. 2; 


139. PROP. If two bodies A and B move, at the fame time, from 
the point A, in the directions AM, AL, with uniform velocities, as AM, 
AL reſpectively, and B be confidered as quieſcent; A's apparent motion 
will be uniform and its direction and velocity as the diagonal of a paral- 
lelogram whoſe fides are AM, * AD equal and oppoſite to ws 157 


DEM. Let m, J be cotemporary 1 of A and B, or let 
Am: Al:: AM: AL and Im, Lm are parallel. But when B is 
at I and L, A's diſtance is equal to Im, LM; or, ſuppoſing B to 
be quieſcent at the point A, and AE, AD be reſpectively equal and 
oppoſite to A}, AL, and En, DN be drawn parallel to 4M, A 
will appear at x and N. But An varies as Am, and therefore en- 
creaſes uniformly, and AN is the diagonal of a parallelogram, 
whoſe ſides are AD = AL, and A M. Q. E. D. 


140, Cor. 1. The apparent and real velocities of A are to each 
other as AN: AM:: fin. 4 MAD: fin. C NAD. 
CL 

141. Cor. 2. Suppoſing A and B to move as before, and 4 to 
be quieſcent, the diſtances and directions of A from B will be Ab, 
and AH, ſuppoſing them to be reſpectively equal and parallel to 
ml, ML. Whilſt B therefore really deſcribes AL, it appears to 


deſcribe AH = AN, and in the ſame right line with it ; and the 
apparent 
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apparent motion of 4 and B, ſeen from each Nerd are equal and 


* 


142. Cor. 3. An uniform relative motion along the diagonal 
of any parallelogram 4MND may be conſidered as reſulting from, 
and equivalent to, two uniform abſolute motions in the ſides AM 


and AL = AD; and theſe motions are in the ſame plane, and their 


| velocities are to each other as the diagonal and ſides. 


143. Cor. 4. If the motions of 4 and B be oppoſite, their 
relative motion is equal to the ſum of their real motions, AN 


being, in that ſuppoſition, equal to AM + AD. If the motions. 


of A and B conſpire, their relative motion is equal to the differ- 
ence of their real motions, or of AM and AD. And if the real 


velocities of A and B be variable, according to the ſame MP their 


relative velocity will vary e to that law. 


| 144. Cor. 5. The real motions i in AM and AL are ſaid to be- 
equivalent to a motion in AN, becauſe they produce the ſame 


effect in the ſame time, as if B were quieſcent at A, and A were 
to deſcribe AN uniformly i in that time. And in the ſame man- 


ner two motions in AN and AD are equivalent to a motion in 
AM, or its oppoſite and equal AP, according as the body de- 


(cnbing AD, or AN, is 5 to be quieſcent. 


145. Cor. 6. If the real motion of A and B, or AM and AL, 


and their inchnation be known, the relative motion ef either of 
them may be found; for AM, MN and Z MAD, and eonſequentiy 
its ſupplement A MN, being known, the baſe AN, and the 
Z. 0 or the inclination of A's apparent to its real path, may 
de found. | 


146. Cor. 


88 N 80 LID ITV. 
146. Cor. 7, The relative and real motion of A, or IM, AN, 


and the angle MAN, being known, the real motion of B, which 
is ſuppoſed to be oi or AL = AD may be found, 


PLATE 147. PROP. i tao leer A vs B move at * as time uniformly 

rid kx. in the directions AM, BL, with velicities equal to a and b, the rela- 
rive motion of B will be uniform and rectilineal upon the line BN, ſup- 
pofing AN to be always equal, and parallel to * Ines joining the co- 
temporary pofitions of A and B. ND | 


DEM. "Lok m, I; M L, be cotemporary f af A and B, 
or let a:4:: Am: BI: AM: BL, and ml, ML will be the di- 
ſtances of B from A in the points n and M. And if A4 be con- 
ſidered as quieſcent at A, taking An, AN, reſpectively parallel 

and equal to m1 ML, B will appear at x and N in the line BN, 
which is therefore the apparent path of B. But 4: 6:: An (I): 
BI:: AM (NL): BL; therefore BNN is a right line, and en- 
creaſes uniformly, becauſe it varies as BL. Q. E. D. | 


148. Cor. If 4 and B move as in this propofition, and B be 
conſidered as quieſcent, A's apparent path will be in the right line 
ADE, parallel and equal to Bn N, as is evident by taking BR D 
and BE reſpectively parallel and equal to I and LM. A's ve- 
locity will therefore be uniform and equal to mY velvety, when A 
was conſidered as I. LY | | PHI, 


149. The abſolute and relative motions of B, and their di- 
rections being known, the direction and velocity of A's motion, 
which occaſioned B's relative motion, may be found; for, let A 
and B be cotemporary poſitions of 4 and B, and let BI, Bn, be 
the ſpaces deſcribed in the ſame time by B's abſolute and apparent 
motion, and if In be joined, AM drawn parallel to it, will be A's. 
path, and 4's velocity: B's velocity :: I: Bl. 


150. Cor. 


. $O'UrD1TOY; 57 

150. Cor. 1. An abſolute uniform and rectilineal motion BL 1 8. 
may be changed into any infinite number of uniform relative 
rectilineal motions, by changing the direction and velocity of X's 
motion; for BN may be drawn of any length, and in any direction, 
and the direction and velocity of A, moving uniformly ſo as to 
produce this relative motion, may be found by e AM - 
rallet and hr mart to N 5 i 5 


1 51, Wr 45 When two bodies move uttforälÿ f in r right Kite 
and one of them is conſidered as quieſcent, the relative motion of 
the other is therefore uniform and rectilineal; and the ſpaces, de- 
ſcribed by it relatively, vary as the velocity multiplied i into the time 


8 
(104), or S „ LV = an hy. 7 


152. Cor. 3. If the relative motion of B be uns the abſo- _ 
lute motion of either A or B is variable. * 


8 153. Gin, If a body An move in y Mrd Am M, ! rar 
other body B move 1 in any other curve — Ly BY apparent motion may be 3% 
found. £ | | xxl. 


-Let m, J. M. L, be cotemporary poſitions of A and B; and B's 
diſtance and the right lines in which it appears at n and M, are 
mi and ML. Or, if A be conſidered as quieſcent, and An, AN, 
be taken reſpectively parallel and equal to m, ML, B will appear 
at z and NM. and its path will appear to be BAN. QE. I. 
154. Cor. It is evident that the curve By N, the relative path 
of B, may be deſcribed by the motion of A in different curves; but 
all the curves deſeribed by A will be equal and ſimilar, and have 
their correſponding parts parallel, becauſe they are always ſubtend- 


ed 127 right lines equal and parallel to 24 NL, Sc.. 1091579 
1 | 155. PROP. 


7 
* ” h, / ! ; % - 


| 
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ſame with that of B in that corollary. For taking any cotempo- 


in the laſt corollary, A's apparent path will be a circle whoſe cen- 
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156. PROP, If B be abſolutely quieſcent, and A move in any: curve 
line Am M uniformly, B will appear to move uniformly in a'curve 


equal and fimilar to A m M, and theſe curves are Jmilarly n — 
reſpect to * points A 1 B. 


Let u, M be any contiguous poſitions of A, which being conſi- 
dered as quieſcent at the point 4, the cotemporary poſitions of B 
are n and N, ſuppoſing An, AN to be reſpectively parallel and 
equal to Bm, BM. And becauſe An Bu and AN= BM, and 
the angle NAn = angle mBM, the ſmall arc Na == mM, and they 
make equal angles with * ** AN, BM, and An, Bm. 
Q. E. D. 


„ 
7 
* 


156. Cor. 1. If B move in the curve BN. and A be quieſcent 
at the point A, it will appear to deſcribe the curve An M ſimilar 
and equal to BAN. | 


157. Cor. 2. If A and B, placed in the ſame right line ABC, 
deſcribe the circles Am M. B in the ſame time uniformly, and 
A be conſidered as quieſcent, B's apparent path is a circle whoſe 
center is A and radius AB. For let m, /, and M, L, be cotem- 
porary poſitions of A and B, and B will appear at / and I; or, 
ſince A 1s conſidered as quieſcent, if An, AN, be drawn parallel 
and equal to , ML, it will appear at n and N, and its appa- 
rent diſtance from A always = AB, and the direction of B's ap- 
parent motion is the lame with that of 4 and B. 


I 58. Cor. 3. 1 B be convilardt as quieſcent, and they move as 
ter is B and radius BA, and the direction of its motion. is the 


rary poſitions , I, and M. L; and, drawing Bn, BN reſpeftively 
parallel and equal to , ML, A will appear at n and NM, "anal. its 
apparent diſtance from B always == 4 | | 

1 155 Cor. 


— — — 


> — — — 
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159. Cor. 4. The relative motions of A and B ſeen from each 1G. 


other, are equal and in ſimilar curves. For let m and M be any 
contiguous poſitions of A, and I, L correſponding poſitions of B; 
and joining , ML, B's relative motion, whilſt it really deſeribes 
IL, will make it deſcribe N, ſuppoſing 4 to be quieſcent, and An, 
AN to be reſpectively equal and parallel to Im, LM. Suppoſi 

B to be quieſcent, and Bh, BH to be equal and parallel to 25 


ML, or An, AN, A will —_— to deſcribe 5H, which is equal | 


and ſimilar to N. nes 


160, Cor. * If B be immoreable and not HY in the plane 
of A's motion, it will appear to deſcribe a line equal and ſimilar 
to the line deſcribed by A, and they will be in parallel planes; for 
taking any two contiguous portions of 4's path, the right lines 
joining the real and apparent places of 4 and B are equal and pa- 
rallel, and conſequently the ſmall right lines joining them are equal 
and parallel: and this and the preceding n are true where- 


ever the eyes imaginary place is. 


8s C HOLIL UX 
161. To diſtinguiſh real and abſolute, from relative motion, is 


an impor tant, but very difficult problem; becauſe the ſame appa- 


rent motions may reſult from real motions combined in endleſs va- 
riety. Every apparent motion of a body reſults from, and may be 
explained by, its real motion and that of the ſpectator and v, v; and 
therefore its real motion, and the real motion of the ſpectator, or this, 
and the apparent motion of the body, muſt be preſuppoſed, and, with 
the aſſiſtance of mathematics, the other may then be detected. A ſpec- 
tator ignorant of the earth's annual and diurnal motion, and ſuppoſ- 
ing himſelf to be quieſcent, muſt draw erroneous concluſions, i in all 
his reaſonings, concerning the abſolute-motion of any body, becauſe 
theſe motions of the earth will communicate an apparent motion 
to a body abſolutely quieſcent, and affect the abſolute motion of a 
body moving (134). The relative motions of bodies muſt there- 
fore be aſcertained from obſervation, and their real motions, when 
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SOLIDITY. 
diſcoverable, are deduced from theſe, the properties of real motion, 
and the quantity of mechanical powers, or qualities in matter, 
that are found to generate motion. If the properties, invariably 
attached to all real motions, obtain in any obſerved motion; or if 
any mechanical cauſe be proved to exert an influence, which is ex- 
actly competent for the production of any obſerved motion, it may 
ſafely be inferred that this motion is not imaginary, _ real. 


Ex AMP. I. The variation of diſtance between a ſhip and a re- 


mote object is owing to the motion of the ſhip, when the wind 


and current act and are competent for its Production. 


Ex AMP. II. A ſhip Giling from fouth to north at the rate of 
five miles in an hour, obſerves another ſhip which ſailed from the 
ſame point E going to the ſouth-weſt at the rate of 77; miles in an 
hour nearly, and from hence it appears, that the laſt ſhip ſailed 


from eaſt to weſt at the rate of five miles in an hour nearly (139). 


Ex aur. III. The magnitude of the earth's attractive power, or 


any other mechanical cauſe, is incompetent for the production of 


the diurnal revolution of the heavenly bodies, which is therefore 
probably apparent. 


ExaMup. IV. The aberrations of the fixed ſtars are proved geo- 
metrically to reſult neceſſarily from the progreſſive motions of 
light and of the ſpectator combined, and are conſequently only ap- 


parent. 


Ex AM. V. A 01 circular motion 18 inſeparably attended with 
a centrifugal force, and diſtinguiſhable therefore by this effect. 
Thus the diminution of gravity, which is obſerved in acceding to- 


wards the equator, affords a proof 5. the diurnal rotation of the 


earth. 5 
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162, DEF. POFER and force are uſed ſynonimouſly to fignify any 

attion upon a body, which produces motion, or a tendency 

to motion, as animal exertions and the influence of phyſical cauſes, gra- 

vity, elaſticity, magnetiſm, &c. When a Farce atts always with the 
Same intenſity, or produces the ſame effect in a given time, it is. ſaid to 

be uniform or conſtant, and variable when it does not. = 


163. DEF. Any momentary impreſſion upon a body producing motion, 
or @ tendency to motion, is called an mp lſe, or percuſſion, of « a Hour or 


He. 


164. DBF. Whatever reſts the ation of « a- force is called an 65 
Aacle. 2 


16 5. DEF. Inertia; or vis inertia, of matter, is that quality 3 
whoſe influence a change, in the direction or quantity of 7 its motion, can 
not be produced without the application of a force. The cauſe of a. 
body's continuing in a ſtate of reſt, or of uniform rectilineal mo- 
tion, is not any external force, but the nature and conſtitution of 
matter; and this internal cauſe or principle is called its inertia.. 


166. This property of matter, or inertia, is eſſential in the con- 
ſtitution of a ſyſtem, whoſe preſervation is neceſſarily dependent 
upon the regular obſervance of preſcribed, determinate, laws; but 

its. 


3 
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its exiſtence can only be collected from experience. Firf, Every 
change in the ſituation of a body, from reſt to motion, and 


from motion to reſt and to an encreaſe or decreaſe of motion, 


indicates an inertia, which is found to pervade every ſpecies of mat- 
ter acceſſible to obſervation, the particular facts, adduced in proof 
of it, being.innumerable and concurring to eſtabliſh its univerſal 
exiſtence. A quieſcent body is never diſcovered to move, and mo- 
tion; or change of motion, is never induced, without the actual im- 
preſſion of a cauſe able to produce theſe effects; for matter not 

only continues in a ſtate of reſt, by an incapacity to give motion to 
itſelf, but never ceaſes to move, or changes the quantity and di- 
rection of its motion, without the application of ſome philoſophic 
influence adequate to their production, as magnetiſm, elaſticity, 
gravity, &c. or animal exertion, as percuſſion, protruſion, &c. 
The time of the motion of a wheel upon its axis, or braſs topp 
upon a poliſhed ſurface, is encreaſed with the diminution of fric- _ 
tion upon the axis, or ſurface; and the motion of a body, placed 


upon the deck of a ſhip, and partaking of its motion, continues 


in the ſame direction after the ſhip has ceaſed to move; and theſe 
motions are evidently diſcontinued by the operation of a cauſe, 
i. e. friction, competent to deſtroy them. New motions are ob- 
ſerved without any ſenſible material impulſe, reſulting apparently 
from an innate tendency to motion ; thus, a body not ſupported 
deſcends towards the earth, and, projected in a direction not per- 
pendicular to the earth's ſurface, deviates from the line of pro- 


jection with à velocity perpetually variable; and new motions 


ariſe amongſt the minute particles of bodies; but theſe are the 


neceſſary reſult of eſtabliſned natural powers, gravity, elaſticity, 


&c. Secondly, This quality is ſometimes called the vis inſita, or 
vis inertiæ, of matter, from the ſimilitude of its effects to thoſe . 
of animal powers exerciſed upon a body, both producing a 
change of motion. If a body 4, placed upon a poliſhed table, 
or ſuſpended by a rope, be quieſcent, it will continue in that ſtate 
till urged by ſome external cauſe; and if another body B be pro- 
Jetted with any velocity, and impinge upon 4, it will communi- 
cate motion to it, and be itſelf retarded. When the effect of 

} | 1mpact 
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impact is conſidered in relation to the change produced in A. B is 


ſaid to act upon A; and, when conſidered in relation to the 
change of motion produced in itſelf, it is ſaid to be reſiſted by 
A. Action is uſually aſcribed to a moving, and reſiſtance to a 
quieſcent, body; but they may both be conſidered as actions, be- 
cauſe they produce ſimilar effects, that is, a change of motion. A. 
by its vis inertiæ, deſtroys a part of B's motion, and B, by endea- 
vouring to retain its preſent ſtate, that is, by its vis inertiæ, pro- 
© trudes, and communicates motion to, A. Thirdly, Every change- 
in the ſituation of a body is therefore univerſally allowed to in- 
dicate ſome philoſophical influence, or animal exertion ; and he- 
ther a body be quieſcent, or moving, the quantity of its inertia 
is invariably the ſame; for it is diſcovered from experiments, the- 
only ſource of information, that a force, communicating a velocity 
equal to à to the quieſcent body A, will communicate an encreaſo 
of velocity, equal to 4, to that body moving. The force of gra- 
vity, which communicates a velocity nearly equal to thirty-two. 
feet in one ſecond of time, to a body falling from a ſtate of reſt, 


communicates an encreaſe or decreaſe of velocity equal to this, in 


one ſecond, to a body already moving, according as it conſpires 
with, or is oppoſite to, the direction of the body's motion, And 
if the body B, moving with a velocity equal to &, impinge upon 
A at reſt, and communicate a velocity to it equal to 4, and loſe a 
velocity equal to J, it appears from experiments, that B moving 
with the velocities 6 + m, 5 + 2m, 6 ＋ 3m; &c. will communi. 
cate an encreaſe of velocity equal to a, and loſe a velocity equal 
to J, by impinging on A moving in the ſame direction with. 
velocities equal to m, 2m, 3m, &, Conſequently the vis in- 
ertiæ of A. eſtimated by the velocity, and encreaſe or decreaſe, 
communicated to it, is the ſame in a ftate of motion and reſt. 
Fourthly, As the whole vis inertiz of a body is compoſed of 
that of all its parts, and as we cannot conceive the vis iner- 
tis of the ſame or equal particles to be encreaſed or dimi- 


niſhed, the whole vis inertiæ of different bodies will vary as the 


number of equal particles, or quantities of matter, contained in. 


them. The invariable reſult of experiment is, that bodies equal 
| to 
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[18 to A, 24, 34, &c. and heterogeneous bodies, whoſe weights are 


| as 1, 2, 3, &c. receive the ſame velocity by the action of forces, 
* whoſe magnitudes are as 1, 2, 3» &c. 


167. DEF.“ The moment, quantity of motion, vis infita, of a body, 
are uſed ſynonimouſly to denote 'the impetus, or force, with which it moves, 
or its capacity 2 en, motion or preſſure. SF | 


| | 

15 

, : #3 
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1 168. PROP. i M, Q> V, . moment, quantity of matter, and 
Py. reſpectt hal and be ve Juppojed variable, Mill vary as 2 x V. 
i DM. Preſuming that equal particles of matter have an equal 
inertia, it is evident that the preſſure of one particle upon an im- 
moveable obſtacle, or the force requiſite to generate or deſtroy its 
velocity, will vary as this velocity, or as /; and becauſe the impetus 


' of any body is compoſed of that of every particle or & and Land 
V are independent, M will vary as x U(64). 8 D. 


Another demonſtration. 6 ; VVVV„,lñ 


The moments of different bodies vary as the inn Forces - 
capable of generating or deſtroying them, in equal times, being 
their whole cotemporary effects; but forces equal to F, 2 F, 3 F, 
| &c. will evidently communicate, in the ſame time, the ſame velo- 
x city to 1, 2, 3, &c. equal particles endued with an equal inertia, 

and velocities as 1, 2, 3, &c. to one particle. Therefore F, which 
is as M, is encreaſed in the ſame ratio, with the velocity or V, and 
number of equal particles or 2, and, theſe being independent, 


vary as 2x / (64). QE.D. 


„ Keil's Phyſics, Lect. IX, 
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169. Theſe, or ſimilar demonſtrations, are uſually adduced i in 
ſupport of this propoſition, which 1s perhaps. more properly. and 
with more conviction, demonſtrated by experiments. The mo- 
ments of different bodies are collected by meaſuring the magni- 
tudes of the forces required to produce them, or the magnitudes 
of their cotemporary effects ſimilarly produced, in the ſimpleſt and 
moſt intelligible inſtances, which may be deemed the common mea- 


lure of their 2 


Exp. I. If two unequal ſpherical bodies, moving in oppoſite 
directions, meet and after impact be quieſcent, their moments muſt 
be equal; but their quantities of matter are always found to be in- 
verſely as their velocities. Or, if they move in the ſame direction, 
and one overtakes the other, the velocity gained by the- ſtruck 
body, and loſt by the ſtriking body, are always found to be inverſely 

as their . of matter. 


Exr. 1. Tf a body A be placed on the ſame ſide of the ful- 
crum of a ſtraight lever, at the diſtance of 1, 2, 3, &c. feet from 


As, it will move with velocities as 1, 2, 3; and be reſtored to an 


equilibrium by the bodies 4, 2.4, or 34, &c. placed, at the diſtance 
of one foot, on the other ſide. And, in general, a body, whoſe weight 
is 2 x A pounds, at the diſtance of one foot from the fulcrum, is 


found to equilibrate with bodies, whoſe weights are 2 . a = 


wx c. at the diſtance of 2, 35 4 &C: feet from the fulerum re- 


pe dee The preſſures or moments, are juſtly inferred from 

theſe experiments, to be as their weights multiplied into their di- 

ſtances, or as the quantities of matter multiplied into their velo- 

cities. And the ſame concluſion reſults from experiments upon 

every other, however complicated, machine, when allowance is 

made for friction, and the velocity is properly eſtimated. 
1 
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00 Cor. 1. Since M varies as Q x Y, V. will vary as 2. and 2. 


as FF Sq 5 5). If lines be taken in the ratio of 2 to V, M will 'vary 


as the area of a rectangle, whoſe ſides are theſe lines ; and if num- 
bers be taken in that ratio, M will vary as their product. 


171. Cor. 2. If 55 repreſent the ſpace deſcribed, in 1 the time T, 


with the velocity V, M. varying as 2x, V, will vary as RE (10 5 


8, varying as Y x T, will vary as r= 0 and T will vary as =; 


172. Cor. 3. " two Hotties therefore A and B, moving in op- 
poſite directions with velocities reſpectively equal to a and b, meet, 
and after impact be quieſcent; or if their effects to produce mo- 
tion upon any machine be oppoſite and equal, and their velocities, 
when properly eſtimated, be a and & Ax a= Bx b, and A: B:: 
5:4 (38), or A and B are to each other inverſely as their veloci- 
ties. The converſe of this is true, and if. the bodies be inverſely as. 
their velocities, or A: B:: b: a, their moments are equal, or they 
are in equilibrio upon any machine, and A) xa=Bxb(37), 


SCHOLIUM: 


173- F orces are diſtinguiſhed by ſome for eign writers into two 
kinds; 1ſt, of bodies at reſt, and 2dly, of bodies in motion. 


Firſt, The force of a quieſcent body, ſuch as is conceived to reſide in 
one lying upon à table, ſuſpended by a firing, ſuſtained-by ſprings, Sa. 
is called its preſſure, tenſion, force, ſolicitation, vis mortua, &c. and is 
eſtimated by the ⁊bei ght with which the table is preſſed, the ftring ſtretch- 
ed, ſpring bent, &c. To this kind are referred centripetal and centri- 
fugal forces, as their effects are ſimilar to. thoſe of weights, preſſures, 
tenſions. 


Secondly, 
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. Secondly, The - force of a moving body, arifing from its inertia, by 
hich it communicates motion, or a change of motion, to another body by 


impact, overcomes gravity, fridion, and other preſſures, and is only de- 
Atroyed by an entinction of its motion, is called the vis motrix of that 


body, or its vis viva, to 2 it from -the vis mortua. 


Concerning the wrote of the firſt of theſe farces no doubts 
are entertained, the preſſure of one particle, upon the-arm of a 
lever, being univerſally allowed to be as its velocity, and of a num- 
ber of particles, as that number and velocity conjointly ; but the 
meaſure of the vis viva hath long been a ſubject of warm conten- 
tion between the adherents of Newton and Leibnitz, the former 
maintaining it to be the product of the quantity of matter and velo- 
city, and the latter the product of the quantity of matter and ſquare 
of the velocity. - The term force being defined. to be that, which, 


acting upon a body, communicates motion, or a tendency to motion, | 


the magnitude of the force of a moving body, at any inſtant of time, 


may be beſt, and indeed can only be clearly, conceived by meaſuring. 


the motion communicated by it; and in this menſuration three things 
are to be conſidered, viz. the magnitude of the body or quantity of 
matter to be moved, 'the velocity communicated, and the time in 
which it is communicated. Some of theſe circumſtances may be, as 
they have been, omitted, and different meaſures of the ſame force 
have reſulted. The followers of Newton conceive forces to act, for 
the ſame time, with their reſpective intenſities continued uniformly, 
and eſtimate their magnitudes by their cotemporary effects. If two 
forces F.and f be ſuppoſed to act, at the ſame inſtant, upon two 
bodies A and B, with uniform intenſities, and communicate velo- 
cities to them, equal to and v reſpectively, in the ſame time, the 


magnitudes of theſe forces are to each other as Ax V: BN uv. 


And in the communication of motion by the impact of one body 
upon another, this law is found to obtain, wherever the effects are 
diſtinctly underſtood, and can be aſcertained, the quantity of mo- 
tion, if meaſured by the product of the quantity of matter and ve- 


locity, remaining invariable, when eſtimated in the ſame direction. | 


But the followers. of Leibnitz, adopting a different definition of 


for ce, derive a different concluſion: they do not ſuppoſe the force to 
1 act 
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act with uniform intenſity, as it may decreaſe gradually to evaneſ- 
cence, which happens in the colliſions of bodies, and actions of 


ſprings; and the time of action, and ſometimes the direction, is 
diſregarded, and not deemed to affect the reſult. Though it be 


true in ſome particular caſes of the communication of motion 


from one body to another, that the force, according to their ac- 
ceptation of the term, varies as the product of the quantity of mat - 
ter and ſquare of the velocity, or that this product is the ſame 
before and after impact, this concluſion cannot be affirmed to ob- 
tain generally. The doctrine advanced by Newton is univerſally 


true, according to his meaning of the term force; but whether the 


opinion of Leibnitz be true or not, is beſt known from experiments, 
the reſult of which is generally repugnant to it: and it would there- 
fore, perhaps, create leſs confuſion to adhere to the old definition of 
force, include the time of action, and ſuppoſe the intenſity of the 
force, during that time, to be the ſame. The diſtinction between 
theſe two kinds of forces hath often been urged to be ſuperfluous, 
for the following reaſons. Firſt, The force of a moving body is a 
vague and undefinable term; for there is no force in a body conſi- 


dered abſolutely, except its inertia, which is always the ſame, whe- 


ther the body be quieſcent or moving; but if a moving body im- 
pinge upon another body either moving or quieſcent, its inertia 


exerts itſelf as a force, whoſe magnitude is relative and depends 


upon its velocity, and the magnitude and velocity of the ſtruck 


body. If the body A, moving with the ſame velocity a, impinge. 


upon the quieſcent bodies B, 2 B, 3 B, &c. or upon the ſame body. 
B quieſcent, and moving with different vetocities equal to 6, 25, 


35, &c. it will in every caſe produce a different effect, and the 


change of ſtate, both in the impinging and ſtruck body, will be 
different. The force of ſprings, and animal exertions, is alſo rela- 
tive, and it ſeems therefore improper to talk.of the abſolute force. 
of a moving body, ſprings, &c. becauſe it is relative. Secondly, 
No idea can be formed of an inſtantaneous communication of 
motion; for, in the colliſion of bodies, the parts which come into 


contact firſt, are diſplaced and move, and ſome time elapſes before 


motion be communicated to the whole body. This interval of 
time between the firſt contact of the neareſt parts of the imping- 
ing 
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ing bodies, and their motion, is the time of colliſion, in which the 


bodies exert a mutual, and perpetually variable preſſure, by which. 
their ſtate is gradually changed. This is moſt obſervable in ſoft. 
bodies, or thoſe whoſe parts yield to percuſſion ; and, as the parts 


of all bodies do yield, obtains univerſally, in a greater or leſs de- 
gree, according to. the different. contexture of their parts. The 


forces of percuſſion are therefore preſſures, exerted with variable 


intenſity for a ſhort time; and, to comprehend their magnitude, 
this time ought to be aſcertained, the quantity of preſſure, for 


every inſtant of this time, computed, and the whole collected into 
one ſum. This diſcrimination of forces ſeems therefore to be un- 


neceſſary, becauſe the action of collifion is nothing more than the | 


operation of a continued preſſure, and preffures and pereuſſions are 


ſimilar, and properly expreſſed by the ſame term, force. The argu- 


ments adduced, in ſupport of their opinion, by the advocates of Leib- 


nit, are derived from experiments upon, the collifion of bodies, the 
action of elaſtic ſprings, the compoſition and reſolution of motion, 
the indentings or cavities formed in clay, tallow, &c. by falling 


bodies, and the velocity of fluids in hydraulics. I will only pro- 


duce a few experiments, which may convey ſome uſeful know- 
ledge, are moſt ſtrongly urged in ſupport of this hypotheſis, and. 


appear moſt to militate againſt the old opinion. 


Exp. I. if one rn to deſtroy the motion of a 
body, whoſe velocity is 1, four ſprings, equal to it, are requiſite 
to deſtroy its motion when its velocity is 2, nine ſprings when its 
velocity is 3; and generally the number ſprings varies as the ſquare: 


of the velocity of the moving. body. 


2 ExP. II. The number of men, horſes, &c. of equal ſtrength re- 


quifſite to communicate velocities, as 1, 2, 3, &c. to any body, are 


as 1, 4, 9, &c. or as the ſquare of the velocity. 


\ 


Theſe ſimilar experiments may be true, and indeed ſeem to be 
| * - | | | eſtabliſhed. 
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eſtabliſhed by Graveſand, Deſaguliers, &c.; but they prove no- 


thing againſt the common opinion of the fore of bodies, which 
is not meaſured by effects produced in any unequal times. And 
beſides, the effect of any number of agents, as ſprings or animal 
exertions, cannot properly be ſaid to meaſure their force; becauſe 


their whole force is not exerted, that of each, conſidered indivi- 


dually, being greater than when acting in conjunction with the | 
reſt, and will be greater or leſs according as the number of the reſt i 
is leſs or greater. 8 


_ Exp. III. If the velocity of water, ſtriking upon the float- board. 


or ladle-board, of a mill, be as 1, 2, 3, &c. the effect of the wheel 


is found to be as 1, 4, 9, &c. or as the ſquare of the velocity of 
the ſtream; and the force of the water, being meaſured by its effect, 


varies therefore as the ſquare of the velocity. In this experiment 


the number of particles of water ſtriking the board in a given 
time, encreaſes as the velocity, and, the force of each being en- 
creaſed in the ſame ratio, the effect ought to be as the ſquare of 
the velocity. Theory 1s very ſeldom confirmed by practice with- 
out allowances for the operation of collateral cauſes, which, perhaps, 
cannot be made with demonſtrative accuracy. Such experiments 

as this are too imperfectly underſtood to juſtify any general con- 
cluſions againſt experimental proofs clearly comprehended, or 
theoretic demonſtrelians, reſulting from data, which, perhaps, do 
not take place 1 in the experiment. | 


Exp. IV. Mr. Smeaton has proved, by ſome very ingenious ex- 
periments (Phil. Tranſ. Vol. Lx VI. pag. 469.), that the mechanic 
power to be expended, varies as the ſquare of the velocity to be 
generated, and the velocity as the impelling power multiplied into 
the time of action. But the mechanic power, according to Mr. 
Smeaton, is meaſured by the weight multiplied into the ſpace de- 
ſcended, and from this definition, his concluſion is inevitable: 
but this power is different from what is uſually meant by mo- 


ment, 188 &c. In Ne. 2, 3, the weight & deſcends through 


ſpaces 


INERTIA or MAT T ER. 
ſpaces equal to 10, and 25, turns, in 28; “and 14. reſpectively, and 
communicates velocities nearly as 2: 1; and in this experiment 


the weight S acts with the ſame intenſity for times, whole ratio is 
2: 1, but its capacity to communicate matinn, if meaſured by the 


pace, muſt be a8 4 1.* 


_ Exe.V. Equal cavities are formed in clay, tallow, &c. by equal 
| bodies falling through ſpaces inverſely.as their quantities of mat- 
ter; but the cavities Peng equal, the cauſes, or forces of the bo- 


dies, are equal, or as + = (ſuppoſing S to repreſent the 8 or as 
Sx2, from * foppoſton or as X V. 


Exp. VI. 7 ball ſhot * velocities as 1, 2, 3, Kc. ! 18 found to 
| form cavities in wood, clay, &c. whoſe depths are as 1, 4, 9, &c. 
or as the ſquares of the velocities.. {4 | 


The two laſt experiments prove nothing againſt the common 
doctrine; and though they are of practical utility, yet admitting 
the propriety of meaſuring forces by their whole effects produced 
in any unequal times, they do not vary, in theſe experiments, as 

the ſquare of the velocity: becauſe the cavities formed are not the 
whole effect, a greater or leſs motion being communicated'to tlie 
parts contiguous to the cavity in the ſtruck body, according to the- 
magnitude and velocity of the ſtriking body. A ſmall body, mov- 
ing with a great velocity, may by impact overcome the coheſive: 
force of the particles of the ſtruck body, and effect a ſeparation. 
between them; and from its great velocity, or ſhort time of ac- 


tion, little motion. will be communicated. to the contiguous parts; 
| but 


| ® "Theſe experiments are immediately deducible from mechanical principles. Let F 
the radius of the barrel M; Y = velocity generated i in K in the time 7; & and Z= the re- 
ſpective ſpaces paſſed through by & and & in the time 7; and 1 = X's diſtance from the 
axis Be, And from eſtabliſhed. principles, the force impelling Kis. 8 oz. x F, or as F, 
and, becauſe F is conſtant, F Xx T is as V. FN T is alſo as Z; but X: Z:: F: 1, there 
fore & (or the ſpace deſcended by 8, which is as the mechanic power) = = Ex F, and is as 
FX T, or as J. om — Vol. LXVI. p. 469.) 
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INE RT IAO MATTER: 
but a great body, moving ſlowly, will form no cavity in the ob- 


ſtacle; becauſe the moment of thoſe parts of its ſurface in contact, 


is leſs than the coheſive force of the parts of the obſtacle, and the 
parts ſtruck will, by their unknown connection with the parts ad- 
joining, communicate motion to them, and theſe to the next, till 


the whole obſtacle move. Two bodies therefore moving with the 


ſame moment, may produce quite diſſimilar effects; and as lines, 
ſurfaces, &c. are meaſured by the application of a common mea- 
ſure, the magnitudes of forces are to be meaſured by their effects, 
which ought to be ſimilar in every reſpect, and this fimilitude is 
moſt obſervable and beſt underſtood in experiments upon the lever 


and other ſimple machines.“ 


LAWS ox MOTION. | 
174. The laws of motion are general rules, or conſequences, 


reſulting from the nature and conſtitution of matter, and its re- 
lation to mechanical forces, the cauſes of motion, by which it 1s 
governed, and from which it cannot deviate without ſuffering a 


total change of its nature. Their truth 1s eſtabliſhed by a num- 
ber of concurring and uncontroverted obſervations, all informa- 


tion upon natural powers and motions derived from them being 
only deducible from thence; and, when thus eſtabliſhed, they are 
eſteemed to be uniform 3 marks obtaining in all ma- 


ter ial motions. 
FIRST 


— 


—— 


Let - repreſent the effect, or ſpace through which any obſtacle i Is impelled by a moving 


| body, v be the velocity of the body : and if be as “, 5 is as 2 vb, or as v, or as V 5 4 (ir 
t be the time), and & therefore is as ?. The decrement of velocity is therefore as the time 


in which it is produced, and the reſiſtance muſt be conſtant ; which ſeems to be a neceſſary 
property of the vis viva; but as this ſeldom happens, and the vis viva is really a preſſure, 
and may be meaſured in the ſame manner with the vis mortua, the term force may expreſs 


| them both. 


See Deſagulier, Vol. II. p. 51. Maclaurin's Account of Sir I. Newton's Diſcoveries, p. 
178. Diſcours ſur les Loix de la comm. du Movement, Oper, Tom. III. and Diſſertat. de 
vera notione virium vivarum. Act. Petropol. Tom. I. p. 131, Muſchen. Int. ad Phil. Nat. 
Vol. I. p. 83, &c. Phil. Tranſ. No. 371, 375» 376, 396, 400, 401, 459. 


+ Maclaurin, Book II. Chap. II. Newt. Prin. p. 13. Kz:il's Phyſics, Lect. XI, XII. 
Helſham, LeR. III. IV. | | 
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The truth of this 171 is collected by bend It is lay 
— to the inertia, or that quality, of matter, by which it 
continues in every new ſtate; for, this being eſtabliſhed, it is a 
neceſſary reſult that it cannot begin to move from a ſtate of reſt, 


nor, if in motion, can it rr retard, or ene che dire. | 


tion of that x motion. — 
' 123 


wh Cor. Every body, moving in a curve line, or in à right line 


with a perpetually varying velocity, is acted upon without inter- 


miſſion during its motion, by ſome external force; and every body, 

moving in a curve line, has a perpetual tendency to move in a right 

| line, and to leave the curve in the direction of a Pang to 1 
point of the curve where the n is. lit 


SECOND LAW. OF MOTION. 


177. Moti on, and change of 1 motion, are re proportional to, nds in the 
direction 15 the xi Wa mY 


The motion communicated to a quieſcent body is proportional 
to the cauſe producing it; and when a body is accelerated or re- 
tarded, during its motion, the acceleration and retardation are 
proportional to the force producing them. If a body move upon 
an inclined plane AB, or in any curve line LM, by the action of 
a force tending to any point S, the change of motion is not pro- 
portional to the whole force directed to that point, but to that 


part which acts in the direction A B, or NT touching the curve 


where the body is; for this part, only, accelerates or retards the 
| K | body:s 


FIG. 
XXVI. 


LAWS or MOTION. 

body's motion. When water or air act upon the vanes of a mill, 
or fails of a ſhip, the change of motion is not proportional to the 
whole force of the water or air, but to that part which is actually 
impreſſed upon them; for, if the velocity of the water or air be 
equal to that of the vanes or ſails, they will move on together 
without any acceleration; and, if the direction of the air or water 
be oblique to the motion of the vanes or ſhip, ſome force will be 
ineffectual, and the change of motion will be proportigaal to the 
remainder, acting in the direction of their motion 

The truth of this law is demonſtrated by numberleſs experi» 
ments upon the motion, and change of direction and motion, com- 
municated by material impulſe. Every experiment upon the ef- 
fects of conſpiring and oppoſite forces, and the effects of forces, 
acting obliquely, or reſulting from the compoſition and reſolution 
of forces, demonſtrated experimentally, exhibit concurring proofs 
of its truth; for were motion, and change of motion, not propor- 
tional to; and in the direction of, the force impreſſed, it may be 
proved geoinetrically that theſe effects would not take place. 
The concluſion is therefore inevitable, and, being thus eſtabliſhed 
by uniform experience, may be deemed a fixed principte in nature, 
and applied not only to the. explication of thoſe particular expe- 
riments from whence it was deduced, but of all other natural 
phenomena. This law is alſo a proof of the inertia of matter, 
or, that being eftabliſhdd, a cotollary from it; for if matter 
can produce no change in itſelf, it muſt. move in the direction 
of the force impreſſed; and, ſince the vis inertiæ of a body is the 
ſame, whether moving or quieſcent, it is evident that the genelis, 
encreaſe, and decreaſe, of velocity equal to Y in any body, require 
exactly the ſame forte. If the force of colliſion, or impulſe of 
any force ſuch as gravity, be capable of generating a velocity, equal 

do V, in the body A, it will in the fame time generate an enerkaſe, 
bor deereaſe, of velocity equal vo in that vhs e as it 

with, or oppoſes its — 0 0 


178 Cor. 1. The velocity a by o one 3 impulſe Tn 


tonF,n being a number, is equivalent to that generated by n _ 
A | ceſſive 


ceſſive conſpiring impulſes, each ef which is equal to E; and con-: 
fequently the velocity communieated to a. hody by any number of 

forces acting in the fame direction is the ſame, whether they act 
together or ſeparately; becauſe the geneſis, and encreaſe, af a ve⸗ 
locity = F, require exactly the fame force. 


179. Cor. 2. The velocity generated, in any body, by any num- 


ber of unequal conſpiring impylſes &. 2. , &c, is as their ſum; 
for let x, y, 2, &c. be the veloeities ręſpectively generated by them 
in any body 4, and (177) A: T:: &: and X: X+Y: x: X ＋/ , 
and X: X+Y +Z:;x;x+y +3, &- And the yelacity, com- 
municated to any body by a force F, in a given time, is as the 
magnitude of that foree; for loppapog this force to act by im- 
pulſes, whoſe magnitudes are X, 2 | 


180. Cor. 3. The magnitudes of any forces are therefore as the 
ſpaces uniformly deſcribed in a given time, by the velocity which 
they communicate to the ſame body (106). 1 | 


181, Cor. 4. The velocity generated in a body in the ſame time 


by two forces X, T, acting in oppoſite directions, is as their dif- 
ference; for (177) X: Tui x& : and X:X—=1V it & . 


THIRD LAW OF Mor lo. 


182. Afton and reaction are always ” and oppoſite ; or the mu- 


tual actions of tao bodies are always equal, and in oppoſite directions. 


This is another rule obſeryable in all the motions of nature, 


reſulting, like the two firſt, from the inertia of matter. Were 
matter diveſted of this property, motion would be communicable 
without reſiſtance, and conſequently without effecting any change 
in the force communicating it. The action of all forces, whether 


operating by the viſible impact of one body upon another, or the 
K 2 inviſible 


2, &, F=X+Y +2, &c. 
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inviſible agency of gravity, magnetiſm, &c.' conſiſts. in win 
preſſure and motion; and reaction in ſupporting this preſſure, or 


_ reſiſting the production of motion. And theſe this law aſſerts to 


be equal, when eſtimated in oppoſite directions; which, being 
proved experimentally, like the two firſt, in all communications 
of motion with which we are acquainted, may be eſteemed a ge- 
neral principle pervading the whole material ſyſtem. | 

In the communication of preſſure upon any immoveable plane, 
whether ariſing from the protruſion, gravity, or force of impact, of 
a body; the meaning of the law is, that the reſiſtance of the plane, 
and an oppoſite force equal to that producing the preſſure, have 
preciſely the ſame effect, as they only deſtroy the force of protru- 


| fion, weight, or impact. In the communication of motion by viſible 


impact, the meaning of the law is, that action is mutual, equal and 


oppoſite, or that the quantities of motion loſt and gained, which 


meaſure this action and reaction, are equal when eſtimated in op- 
poſite directions. It is always ſuppoſed, that the quantity of motion 
is eſtimated by the product of the quantity of matter and velocity. 
No idea can be formed of the loſs of motion, except by communi- 
cation ; and that the quantity, loſt by the impinging body, 1 is gained 
by the ſtruck body, appears from innumerable experiments upon 
the collifion of bodies. If a perfectly hard, or a ſoft body, 4, 
moving with the velocity Y, impinge upon an equal unelaſtic body 
B, they will move together, after impact, with a velocity equal to 


7 and if 4, moving with the velocity Y + u, impinge upon B, 
moving in an oppoſite direction with the velocity , they will 
move together, after impact, with a velocity equal to 2. And 


whatever be the magnitudes of A and B, it is the invariable reſult 
of experiments, that the quantity of matter in A, multiplied into the 
velocity loſt by it, is equal to the quantity of matter in B, multi- 
plied into the velocity which it gains by impact; or if / and Fre- 
preſent the velocities loſt by A and gained by B reſpectively, A x / 
= Bxg. When A and B are perfectly elaſtic, the velocities loft 
and gained are doubled, and the law ſtill obtains, Ax 21 being 


equal to Bx2g. If motion 2 communicated to any body 4, by 
TH any 


| LAWS OF MO TION. 

any force X protruding, pulling, &c. the meaning of the law is, 
that the reaction, or reſiſtance, of A deſtroys ſuch a part of X's force, 
as would be deſtroyed by a ſimilar force, capable of generating 
that motion in A, acting in oppoſition to X. In the communica- 
tion of motion by unknown means, as by gravity, magnetiſm, re- 
pulſion, &c. the law aſſerts that the body, attracting or repelling, 
moves in an oppoſite direction to that of the body attract ed or re- 
pelled, and with an equal quantity of motion. The attraction 
between the earth, and any body upon its ſurface, is mutual and 
equal; for, were it not, a rectilineal motion would enſue from 
the ſtronger attraction, which is contrary to experience. And, 
ſince gravity is an innate principle, it, and its effects will remain 


the ſame when that body is detached: from the earth, and conſe- 


quently their attractions continue to be mutual and equal, and 
they will meet with equal moments. If two magnets A and B, 
whoſe weights are unequal, be placed upon two pieces of wood, 


floating in water within the reach of attraction, they will meet 


with velocities inverſely as their quantities of matter; and, if a 


reed be inſerted between them to prevent their junction, they will 


be quieſcent, which they would not be, were their attractions un- 
equal. When the weight of A 1s equal to 2, 3, 4, &c. times that 
of B, its velocity, in an oppoſite direction, is equal to 3, 3, &c. of 
B's, the products of their weights and velocities being always found 


to be equal. And if A is repelled, B is alſo found to be repelled 


in an oppoſite direction, and their velocities are always inverſely 
as their weights. This law, being found to obtain in all actions 


of bodies within the reach of experiments, is inferred to obtain _ 


univerſally through the material ſyſtem, 


183. Cor. In the impact of bodies therefore the quantity of mo- 
tion, eſtimated in the ſame direction, is the ſame before and after 


impact. If A, moving with a velocity equal to a, impinge upon 
B, moving in the ſame, or an oppoſite, direction, with a velocity 


equal to 6, the ſum of their moments after impact, is equal to 4a 


'+ Bb, or Aa — Bb, according as they move in the ſame, or op- 


polite directions; for, if they move in the ſame direction, the en- 


creaſe 
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creaſe of moment communicated to B is deſtroyed in A, and their 
ſum continues the ſame ; and, if they move in oppoſite directions, 
the leaſt moment, and a part of the other body's moment equal 
to it, are deſtroyed, ſo that their ſum after impact continues to be 
equal to 44 — Bb, the ſame as before impact. 


COMPOSITION and RESOLUTION or FORCES. 


184. *The ſame motion may be communicated to a body B by 

a ſingle force Z, and any number of conſpiring forces, into which 

it is ſaid to be reſolvable, and they are ſaid to be compounded into 
PLATE Z; thus the body B may deſcribe the line BP, in the ſame time, by 
FIG. a force Z aCting in that direction, or by two, three, &c. forces &, Y, 
XXVII. &c. inclined to it. For it is evident, that B, acted upon at the 

ſame time, by two forces X, Y, in directions making an angle, 
which ceaſe to act after the body has left the point B, will move 

in ſome intermediate rectilineal direction, and this, by changing 

the inclination and magnitude of X and , which are variable 
without limit, may be any intermediate line whatever BP. The 

force Z is ſaid to be reſolvable into the two, X and J, producing 

the ſame effect with it; and, vice versa, X and Fare ſaid to be com- 
pounded into one, Z, which produces the ſame effect with them. 


18 5. PROP. A body B urged at the ſame time, by two forces x, y, 
whoſe action ceaſes when the body has left the point B, and whoſe mag- 
FIG. nitudes and directions are as two right lines BM, BN, making any an- 
XXVIII. 
gle, will move as if it were impelled by one force 2, whoſe magnitude and 
direction are as BP, the diagonal of a * whoſe fides are 
BM and B N. ” 
DEM. 
„ Newt. Princip. p. 14. Muſchen. Ch. X. Heltham, LeR. IV. Maclaurin's Newt. 
Ch. II. Graveſ. Lect. I. Ch. XIII. Hermannus, LeR. I. Ch. II. Varignon. Tom. I. Sect. I. 


+ The magnitudes of forces, whether animal exertions as percuſſions, protruſions, &c. 
or philoſophic powers, as gravity, magnetiſm, &c. can only be com pared by meaſuring their 
effects, which are ſuppoſed to be produced uniformly in the ſame time. And, in this ſup- 
poſition, it is evident, that the concluſions will be the ſame, whether the forces X, I be im- 
pulſes, or the ſame number of impulſes always equal to themſelves. 


RESOLUTION Or FORCES. 


Dx u. The nccefs of B to, or receſs from, MP, is not affected 
by the action of y; nor its accels to, or receſs from, NP, by the 
action of x (ſecond law of motion): therefore they will carry B 
to MP and NP reſpectively, in the ſame time, whether they act 
together or ſeparately. But if they act together, B, being carried 
to both MP and NP, muſt be found at P their interſection, and 
deſcribe BP uniformly (firſt law of motion); which is the mag- 

nitude and direction of 2 (180). Us D. 


Otherwiſe, | 


Let BM, moving parallel to NP uniformly, arrive at NP in 
the ſame time that B deſcribes BM uniformly, which conſequently 
at the end of that time will arrive at P. And if z vn, be any 
new poſition of BM, and the body at p; Bu: up:: velocity of 
BM: velocity of the body :: BN: BM(106); therefore p is always 
in the diagonal BP; Bp encreaſes uniformly becauſe BA does; and 
BP is the NES. and direction of z (180). Q. E. D.“ 


186. Cor. 1. A force 2, producing the ſame effect with two x 
and y, which are as BM, BN, is as twice * ſuppoſing s to be 
the biſection of BP. 


187. Cor. 2. 1 any two forces act upon a body, in fireRtions : 
which make an —_ It cannot be quieſcent. 


188, Cor. 3. A force Tepee by a ſide of a triangle BP, 
may be ſubſtituted for two repreſented by the remaining ſides BM, 


MP; and it is laid to be equivalent to _ becauſe they pro- 
| | WT 


* This —— which is deduced from the 2 law of motion, may be demonſtrat- 
ed not inelegantly from the third. The forces x and y, urging the body Bobliquely, partly 
oppoſe each other, and ſince, from the third law of motion, the oppoſite parts are equal, the 
path of B will be equally diſtant from any cotemperary poſitions of it, M and W, when they 
act ſeparately; which therefore js B, s being the biſection of BP. Anil becauſe each of 
the forces x, y carry B through By, they will both carry it through 285 or BP, the dia- 

gonal of a parallelogram, whoſe ſides are BM and BN. 
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duce the ſame effect, or make a body deſcribe BP in the ſame 
time. And theſe three forces BM, BP, BN are 1n the ſame plane 
(Euc. B. XI. P. II.) 6 | 


189. Cor. 4. A force BM is equivalent to BA and AM; and 


BN to BC and CN; and therefore theſe forces BA, AM, BC, CN, 


are equivalent to, and may be ſubſtituted for, the force BP. And 
any number of forces, whoſe directions are in the ſame plane, 
may be reduced to one in that plane producing the ſame effect 
with them. | 


190. Cor. 5. A "0 AH is 3 to two repreſented by 


As and 4G; and AD to AH and AF; therefore any number 


of forces AG, AB, AF, &c. in different planes, may be reduced 
to one AD producing the ſame effect with them. | 


191. Cor. 6. The converſe of this is true, and one force BP, 
or AD, may be reſolved into any number, either in the ſame, or 
different planes, producing the ſame effect with it. 


192. Cor. 7, The velocity generated by >: velocity generated 


X. by x +y:: BP: BM-+ BN; and the quantity of motion is there- 


fore diminiſhed by compoſition, and encreaſed by reſolution ; but, 
when eſtimated in any given direction BL, it remains invariable. 
For let BP, BM, BN, be each reſolved into two, one in the direc- 
tion BL, and the other perpendicular to it; and from ſimilar tri- 
angles 
Py: Dy :: y L: n, 
and comp. PD: 2 L:: Dy: yn : : BE: Bm, 
therefore BL = B m + Bn. 


193. Cor. 8. The ſame force 2, and conſequently the ſame ve- 
locity, oy be generated by an infinite number of pairs of forces, 
- becauſe 


RESOLUTION or FORCES. | 
becauſe the ſame right line may be the diagonal of an infinite 
number of parallelograms. 


194. Cor. 9. The parts, of the two forces, directly oppoſed to 
each other, are to the parts, acting in the diagonal, as Mm + Nn 


to BM Bn, according as the angle MH NM is not greater, or 


greater than a right angle. If x and y are given, and the angle 
MB N be ſuppoſed variable, and become equal to two right angles, 
then N will come to N', P to P, s to (s always biſecting BP and 


MN) and 2 Bs, or the conſpiring parts of x and y, BP = BM 


— BN, if this angle vaniſh, then N will come to N“, P to P, s to 
e and 2B, or the * parts of x and y, BP = BM-+BN. 


195. Cor. 10. If Bp and the angle BMP be given, the curve 
line paſſing through M, in different poſitions of M, is a circular 
arc ſubtended by BP; if BP and BM-+ MP be given, this curve 
line is an ellipſe, whoſe focal diſtance is BP; and if BP and the 


difference of BM and MP be guy the curve is an hyperbola and 


BP its focal diſtance. 


196. PROP. Any three forces x, y, 2, whoſe direftions are B x, By, 
BN in the ſame plane, acting upon a body B without producing motion, 
are to each other as the Ae Ades of a triangle n vely parallel to 
their directions. 


| Dew. Let B be the magnitude of x, and be reſolved into two, 
in the directions y B, x B; viz. BM, BP; which muſt be reſpec- 
tively equal to x and y, becauſe i in equilibrio with them, and act- 
ing in the ſame directions; therefore x, y, z, are to each other as 
BM, BP (MN), BN reſpedtively, QE. D. | | 


197. Cor. 1. *, y, 2 are to each other as the three ſides of a 
triangle reſpectively perpendicular, or equally inclined to their di- 
rections; for this is ſimilar to the former. 


4 198. Cor. 
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198. Cor. 2. Any two of theſe forces are to each other inverſely 
as the fines of the angles, which their directions make with the 
direction of the third. For, 

2 : f: BN: BP :: ſin. C BPNor PBM : ſin. 4 BNPor NBM, 
 2$:x:: BN: BM:: ſin. 2 B/Nor MBP: fin. CMN or NBP, 
andx :y:; BM: MN :: ſin. BMM or NBP: ſin. C MBN, 


199. Cor. 3. The angle x By, and magnitude of x and y, being 
given, the magnitude and direction of à may be found; for BM, 
AN and the angle BMN, the ſupplement to the angle x By, being 
known, BN, and the angles N and MN B or NBP, may be 
found by trigonometry. 


1 


200. Cor. 4. Any number of forces in the ſame plane, acting 


. upon a body B which remains quieſcent, may be reduced to two 
equal and oppoſite: if BM, BN, BD, act upon B, they are equi- 


valent to BP and BC in oppoſite Wer which muſt be equal, 
becauſe B is quieſcent, | 


201. Cor. 5. Any number of forces in different planes, urging 
a body without producing motion, may be reduced to two in the 
ſame plane, equal and oppoſite. If BD and DC be elevated above 
the plane BN, and PBC be the common interſection of the 
planes BN and BDC; BP, which is equivalent to BM and BN, 
muſt be equal to BC, which is equivalent to BD and DC, becauſe 
they are 1 and deſtroy each other. 


202. Cor. 6. If more than three forces BM, BN, and BD, each 
of which is combined from two, act in different planes, upon a 
body B without producing motion, and are eſtimated in any direc- 
tion BL by letting fall parallel lines upon it, the fortes reſulting 
will produce no motion in that direction; for the parts of BM, 
BN, reſulting from this reſolution, which are in the direction BL, 
are equal and oppoſite to the part of BD reduced to the ſame di- 
rection, and the ſums of the oppoſite parts, on each fide of BE, 


muſt alſo be equal, becauſe B is ſuppoſed to be quieſcent. 
203. Cor. 


RESOLUTION or FORCES. 


203. Cor. 7. If the forces BM, BN, BC, which act upon a body 
without producing motion, be reduced to any plane FH, by re- 
ſolving each into two, one perpendicular to it, and the other pa- 
rallel to the lines joining the points, where the perpendiculars 
meet it, the forces reſulting will produce no motion in that plane. 
For BP, being taken equal and oppoſite to BC, will be equivalent 
to BN and BM, and BC, BP will be projected into equal ſtraight 


lines bc, bp; but BN, MP, being equal and parallel, are project- 


ed into equal and parallel lines 4», mp, and the figure b mpn, 
is a parallelogram. And 5m, bn, being LEO to b þ, v 8 8 be 


equivalent to its equal and oppoſite 5c. 


204. PROP. If a body be acted upon by two fi milar variable forces, 1 


in directions parallel to BP, BQ» making any angle, which att when the 
— hath left the ww nt B, it will es 4 * line. | 
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Dx u. Let the forces act by impulſes at the beginning of equal 


particles of time, and let BD, DE, EF, and BG, GH, HI be the 
relative magnitudes of correſponding impulſes. By the action of 
the two firſt impulſes BD, BG, the body will move in the direc- 
tion BK (185); by the two next DE, GH, it will deſcribe, in the 
ſame direction, KL, &c.; and, becauſe the forces are ſimilar, BD 

DE:: BG: GH, and componendo BD: BG:: BE: BH, and con- 


ſequently BKL 1s a + ag line. Q. E. D. 


205. Cor. 1. Since this demonſtration does not depend upon 
the magnitude of the particles of time, into which the whole time 
is ſuppoſed to be divided, it will obtain when theſe particles are 
evaneſcent and the forces act inceſſantly. 5 


206. Cor. 2. If the forces be conſtant, the velocity in BM is uni- 
formly accelerated ; for, in this ſuppoſition, BD, DE, &c. are equal, 
and BD: DE:: BK: KL; but BK, KL which are therefore equal, &c. 


meaſure the increments of velocity communicated at Band K(106). 


L2 207. Cor. 


84 


COMPOSITION AND 


207. Cor. 3. Every body moving in a curve line, muſt be afted 5 
upon by, at _—_ two diſſimilar forces. | 


208. Cor. 4. The whole force in the direction BP is the ſum 
of the impulſes BD, DE, EF, &c. and the force in the direction 
BM, is the ſum of the impulſes BK, KL, LM, &c. and theſe 
forces are ſimilar; for BD, DE, &c. meaſure the intenſity of the 
force in the direction BP at the points B and D; and BK, KL, 
&c. meaſure the intenſity of the force in the direction ** at B 


and K, and BD: DE:: BK: KL. 


FIG. 


XXXVII. 


209. PROP. 86. If a body be urged at the ſame time by two conſtant, 
or ſimilar variable, forces x, y, whoſe magnitudes and directions are the 
two fides of a parallelogram BF, BI, it will move in the ſame manner 
as if it were urged by a conſtant or fimilar variable force 2, repreſented 
by the 8 


DEM. The impulſe BK is equivalent to BD and BG ; KL to 
DE and GH; LM to EF and HI, &c. conſequently the ſum of 
theſe 1 1 8288 BM is 2 capa to BF and BI. Q. E. D. 


210. Cor. 1. A force repreſented by one ſide of a triangle BM, 
may be ſubſtituted for two ſimilar foro repreſented by ths re- 


maining ſides BF, FM. 


211. Cor. 2. A i repreſented by BM may be reduced into 
any number of forces BR, RS, SM, ſimilar to it, and vice versa. 


212, "= 3. Three ſimilar variable forces, urging a body with- 
out producing motion, are to one another as the three ſides of a 
triangle, parallel or perpendicular to their directions; and they 


are to * other inverſely as the ſines of the angles, which their 
| directions 
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directions make with the direction of the third (198); and any 
number of fimilar forces in the ſame or different planes, in equi- 
librio, may be reduced to two, in the ſame plane, equal and op- 


n 


SCH OLI UM. 


213. Prop. (204) may be demonſtrated per ſaltum, though per- 
haps leſs intelligibly, by the following proceſs. Let a body B be 
urged, at the ſame time, by any forces x and y, in the directions 


BM. BN, which carry it reſpectively through B m, Bn and BM, 
BN, in equal times; and it is evident that, at the end of thoſe 
times, B will be in 4 and D. If x and y act only at the point B, 
or if Bm: BM: : Bn: BN, the path of B is the diagonal; if they 


act at B, n, u, M, N, &c. and Bm be to B M as the times of de- 


feription, and B n be to BN as the ſquares, cubes, &c. of thoſe 
times; Bu: BN:: BM: BM or BN: BM, &c.; and the path of 


B is a parabola, &c. 


214. PROp. 87. A hed B impelled by two forces tending to two egui- 
_ diſtant points, Q R, which at equal diſtances are equal, and at unequal 


diſtances are cotta according to any law whatever, will deſcribe 4 


right line. 


DEM. Let theſe forces act by impulſes at the beginning of 


equal particles of time, and BE, BF being the magnitude of the: 


two firſt, will make B deſcribe BD; which produced biſects the 


XXXIX.. 


baſe AR; and DL, DM, the two next, will make it deſcribe DN. 


biſecting the baſe WM.: therefore BN is a right line; and the de- 
monſtration obtains when the particles of time are evaneſcent,, 


and the action of the forces inceſſant. Q. E. D. 


21 5. Cor. The direction of the combined attraction of all the: 
particles, compoſing a ſphere, paſſes through the center: for let it 
be divided into thin lamine parallel and contiguous to each other, 

| | and: 
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and let 9, R, be any corpuſcules in a lamina, equidiſtant from PB 


paſſing through the center, and what has been proved of theſe two 
may be proved of every two equidiſtant from P, . which compoſe 
the whole lamina; and the ſame may be proved of every lamina, 
and conſequently of the whole ſphere. 


| SCHOLIU M. 

216, Three forces, acting upon a body without producing mo- 
tion, are to each other as the three ſides of a triangle parallel to 
their direction, which conſequently meet in the ſame point of the 
body, and are in the ſame plane (Euc. B. XI. P. II.). This may be 
evinced otherwiſe; for ſince a body, acted upon by any number of 
forces, cannot be at reſt, unleſs they oppoſe each other, and the 
oppoſite parts be equal, and in the ſame direction; it is clear that 


PLITE a plane AB may paſs through P, acted upon by x, y, z in different 


FIG. XL. 


FIG. 
XLII. 


XLIII. 


planes, ſo that they ſhall be on the ſame ſide of AB, and there- 
fore, as they partly conſpire, they muſt communicate motion to the 

oint P, and to the whole body. And if any two of theſe forces, x, y, 
act againſt the ſame point ↄ of the body AB, and x acts againſt g; 
x and y will communicate motion to þ (187) and 2 to g, and AB 
cannot therefore be quieſcent. If the directions of x and y meet 
in a point p without the body, and > act at the point , AB can- 
not be at reſt; becauſe x and y have the ſame effect with, and are 
equivalent to, ſome force in an intermediate direction pd, which 
is not oppoſite to the direction of z, and cannot therefore deſtroy 
it. It is ſuppoſed, that the directions of theſe forces are inclined 
to each other; for, if they be parallel, BA may be quieſcent, when 
2555 act 8 different points. 


217. PROP. If a Jody B be ated upon by any number of forces, at 
the ſame time, whoſe magnitudes and directions are BC, BA, BF, BH, 
Sc. and from the biſection, m, of the diagonal BD of a farallelogram, 


| whoſe fides are BC, BA, a right line be drawn to the extremity F, of BF, 


cutting the diagonal BE, of a parallelogram whoſe fides are BD, RF, 
inn, and from n a right line be drawn to the extremity, H, of B H., 
: - 5 cutting 


' RESOLUTION O FORCES. 


cutting the diagonal BG of a parallelogram, whoſe _ are BE, BH, 
in 2 Ps B P3 BG:: unity: e, 5 N. | | 


Du. The triangles FOE and G E. Bnm and "EF, are ſimi- | 


lar, and conſequently Bp: pG:: BA: GH(Bn+nE):: Bm: BD 
EF (Bm BO or 3Bm);. therefore Bp: BG::Bn:4Bm::1: 4. 
The proceſs is fimilar when there are more forces. Q. E. DP). 


218. Cor. 1. It is evident, from the conſtruction of the figure, 
and N triangles, that CA: Cm :: 2: 1, 

| „ F:: qty, n Out $2 
VH: 2p: : 4: I; and if the 1 of 


forces were equal to any number, m, A would be t to np :: m: . 0 


3 


2219. Cor. 2. The force BG, reſulting from the action of any 

number of forces BC, B.A, B, BH, &c. either in the ſame,” or a 
different, plane, is to their ſum as BG: BC-+ BA+ BF + BH; 
&c. and if the magnitudes and directions of theſe forces be given, 
the magnitude and direction of BG may be found; for CB, BA. 

and the CBA being given, BD, and the £s CBD, DBA, are 
known; and DB, BF, and the C DBF (which may be found) be- 
ing given, BE is alſo given, and in the ſame manner any other 


diagonals may be nen 


220. Cor. 3. If a body therefore be ated upon by any number 
of forces BA, BC, BD, BE, BF, BG, the directions of the forces 
reſulting from the action of two, three, four, &c. are found by 
| joining 4 C, biſecting it in m, and taking mD: m:: 3: 1, E: P 


4:1, PF: p:: 5: 1, 96: 9 :: 6:1, and the directions are B m, 7 


Bn, Bp, Bq, By. Their nee, are 8 2 4B. 555. 
6 Br, &c. K 5 WES 


* 
0 * F 
* * - 


221. Cor. 
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221. Cor. 4. The ſame force BP may be generated by the ac- 
tion of 1, 2, 3, &c. forces, either in the ſame, or different, planes, 
whoſe directions and quantities are variable in infinitum: for let 
it reſult from the combined action of four forces, and taking BP 
Be :: 4:1, through q draw any line whatever 94, and take 9A: : 
g9P::3: 1; through p draw any line pC, and let pC be to p:: 2 
: 1; and through = draw any line D, and taking E equal to it; 
the forces BA, BC, BD, BE, are equivalent to BP. The lines 


9A, pC, n D, &c. may be drawn in any directions, i in any — 


planes, and of any different lengths. 


222. PROP. The directions of three forces x, y, 2, acting upon a 


* body B without producing motion, will meet in the center of gravity of 


a triangle, whoſe diſtances from the __ points, are 0s, the magni- 


| . of the forces. 


DEM. Produce 4B, and taking BE AB , complete the 


parallelogram B DE C by drawing from E lines parallel to BC, 


BD; BE is equivalent to BC and BD, and equal to 2, which is 


equivalent to x and y, which muſt therefore be equal to B C, and 
BE AB 


B., reſpectively ; but BG = —— and B is therefore the 


center of gravity of the triangle. Q. E. D. 
Otherwiſe: 


Let BA, B C, BD, be the magnitudes of 2, *, y, reſpeCtively, and 
joining DC and biſecting it in G, and joining GA, AB = 2BG 


Wal * D. 


"223. Puor. 77 a body B, be atted 5 by four farces, in di ferent 


b. planes, x, y, Z, w, or BA, BC, BE, BF, and remain at reſt, they are 


to each other as the three ſides and diagonal of a . ed pa- 
rallel to their directions _ vely, 


— 


DEM. 
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Di. The forces BY, BC are: equivalent to BI; and BI, BE 


to BD; which muſt be 9 851 N to 0 or en becauſe 2 
6 1 Din (GB | 4 55 


224. Cor. An infinite number of parallelopipeds may be de- 
ſcribed, whoſe: fides and diagonal are the fame: for let x, , E, d, 
be invariable, and taking BC, BA, equab reſpectively to y and x, 


making any angle whatever ABC, and BD, ID in a different plane, 


reſpectively equal to w and ⁊, draw BE parallel to 1D, and DE 


to BI. Biſect BI in H, and join EH, interſecting DB in G; and 
becauſe the triangles B GH, EG are ſimilar, EG: GH:: ED 


(2 BE): BH:: 2: 1; therefore theſe two forces combined with 
BE produce a force paſſing through & (217); and becauſe DG: 
GB:: EG: GH:: 2: 1 and DB: GB:: 3: 1, the force w is equal 


to DB. But the angle CBA is infinitely variable, and BD, FD 


may be draws? in any planes whatever. 


225. PRO. If four forces, x, y, 2, w, which are as BA, BD, BE, 
BF reſpect vely, att in different planes, upon the body B without pro- 
ducing motion, Bis the center of gravity of a triangular pyramid whoſe 
| baſe is EAD and vertex F. 


DEM. Jl AD, and piſect it in , and, taking mn to E:: 1: 2, 
n will be the center of gravity of the triangle EAD, and zB is 


FIG 
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the direction of the force reſulting from x, y, z combined, and 
its magnitude is equal to 3 x BN, which muſt be equal and oppo- 


ſite to w or BF, becauſe B is quieſcent: BP is therefore equal to 
3Bn, and B conſequently the center of gravity of a pyramid, 
whoſe baſe is EAD and vertex F. Q. E. D. 


226. Cor. 1. It is evident that BF= 3B n, becauſe the force 
reſulting from x + y+ 2 is to thoſe forces as 3Bn: BA + BD 


+ BE(220) and w: x +y+2::;BF: a | 


therefore w= BF=3Bn. - 
M | Cor, 
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227. Cor. 2. The force reſulting frem the combined action of 
BA, BD, BE paſſes through the center of gravity of a triangle, 


which is formed by joining A, E, D; and the direction of a force, 
equivalent to them, paſſes through the ſame point. 


228. Cor. 3. An indefinite number of pyramids may be deſcrib- 
ed, having the diſtance of their angular points from the center of 
gravity always the ſame; for let BA, BD, BE, BE, be invariable, 
and making the angle AB. D of any magnitude whatever, draw 
CD, BD, in any plane whatever, equal reſpectively to BE, BF, 


and complete the parallelogram eee Frans = ora is the 


ſame as that in ( 224). 
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OF ATTRACTION. 


2: 29. Dx F. 7 K. 4 7 power or principle i in nature, by whoſe influence 

bodies, or the conſtituent parts of bodies, accede, or baue 
a AGE to accede, to each Kean without any Jeu ible material impu Yes 
is called attraction. | 


230. DEF. That natural power, by whoſe influence different bodies, 
or different parts of the ſame body, recede, or have a Fendency to recede, 
from each _ without any ft ble material 2 70 7s repulfion, 5 


When the ſighs 6 of motion in ths e body 4 are nien ob- 
ſerved to depend upon the ſituation and diſtance of another body 
B, a connexion is underſtood to obtain between them, expreſſing 
ſome quality or mechanical affection of matter, fuch as gravity, 
coheſion, elaſticity, magnetifm, eleQricity, which appears to reſide 
in matter, and by whoſe agency this change of motion is conceived 
to be produced. If the direction of 4's motion, or tendency to 
motion, be towards B, it is ſaid to be attracted by B; and if it be 


from B, it is faid to be G N by B. 


2 3 . b. That . are in nature motions 1 and e to mation, 
conatus accedendi & recedendi, both in aggregate bodies, and in 
their minute conſtituent particles, without any ſenſible cauſe, and 
indeed inexplicable by any known properties of matter, is un- 
queſtionably certain. Theſe demonſtrate a ſource of motion di- 


ſtinct Ron "Rn repugnant to, any material impulſe with which 
| M2 we 
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ATTRACTION of GRAVITY. 
we are acquainted, which is denominated attraction, a term in- 


differently applied to the mechanical affection and its effects, as 


all inexplicable powers are only meaſurable by their effects. Theſe 
effects being found by obſervation to be different at different di- 
ſtances, the intenſity of the power producing them is inferred to 
be variable, and the law of variation is diſcovered by an actual 
menſuration of theſe effects at different known diſtances. By this 
proceſs, theſe material affections, though intelligible only in their 
effects, are conſidered as quantities capable of nn com- 
pariſon, and their ratios are compared with thoſe of lines and 
numbers. Attraction is uſually divided into two kinds: frf, that 


vhich operates at ſenſible diſtances, as gravity, electricity, mag- 


netiſm ; and, ſecondly, that, whoſe effects are limited to almoſt 1 in- 
ſenſible diſtances, which is called the attraction of coheſion. 


ATTRACTION OF GRAVITY. 


232. The exiſtence of this ſpecies of attraction is evidenced by 
uniform experience, Matter when ſupported 1s heavy, and, the 
ſupport being removed, accedes towards the earth ; when projected 
obliquely, it deviates from the line of projection, and vibrates 
when ſuſpended by a ſtring inclined to the earth's ſurface. And 
the direction of this motion of matter, and tendency to motion, 


is invariably the ſame, towards the center of the earth nearly. A 
mechanical affection is juſtly ' inferred from theſe phenomena 
1 which is conceived to produce this motion and tendency 


to motion, and is promiſcuouſly called gravity, gravitation, or the 
attraction of gravity. But more correctly the tendency of a body 
towards the earth, which is meaſured by the velocity acquired in 
a given time, is called the accelerating force of gravity; the weight 
or moment of a body, which is meaſured by the product of the 


quantity of matter and the accelerating force, is called its vis mo- 


trix; and the power conceived to be in the earth, which produces 

this weight and tendency towards it, is called the abſolute force 

or attraction of gravity; and a body influenced by it, is ſaid to be 

attracted by, or gravitate ende, the earth. All hard and ſoft 
bodies 


ATTRACTION or GRAVITY. 
bodies are ſubject to this attractive power, and have weight; air, 
water, and other fluids, and the vapours ariſing from them, and 
all odorous ſubſtances, and exhalations from all terreſtrial bodies, 
ravitate towards the earth, as they may be collected in a balance 
and actually weighed; and the weight of theſe laſt ſubſtances is 


alſo rightly inferred from the decrement of weight ſuſtained. by 


the evaporable matter. Even fire and light, and the moſt vola- 
tile vapours, ſeem to be under the controul of this univerſal prin- 
ciple, and no matter in the vicinity of the earth, acceſſible to ex- 
periments, hath yet been diſcovered to be uninfluenced by it, and 
conſequently all matter may be conſidered as gravitating towards 
the earth, till future ſatisfactory experiments induce a different 
opinion. This attractive power is not confined to bodies, in the 
vicinity of the earth, but extends alſo to the moon; for the moon 
deſcribes equal areas in equal times about the earth's center, and 
1s therefore urged by a force directed to that center (Nx w r. Sect. 
II. P. II.) and coincident in direction with gravity: and it appears, 
from aſtronomical obſervations, that it is equal in.quantity to the 
force of gravity at that diſtance, and they are conſequently the 
ſame power. And becauſe the revolutions of their ſatellites round 
Jupiter. and ſaturn, and of the primary planets round the ſun, are 
phenomena ſimilar to that of the moon round the earth, both be- 
ing acted upon by forces directed to their reſpective centers, which 
vary according to the ſame law; the ſatellites therefore gravitate 
towards their primaries, and theſe towards the ſun (7). The 
primary planets gravitate towards each other; for jupiter and ſa- 
turn, in conjunction or at their leaſt diſtance, are diſcovered to 
produce very ſenſible irregularities in each other's motions; and 


the motions of their ſatellites are ſaid alſo to be ſubject to ĩirregu- 


a larities, which are ſenſible at their leaſt diſtance where their ac- 
tion is greateſt. All the great bodies, compoſing the ſolar ſyſtem, 
are therefore impreſſed with this principle of attraction; which, 

being attached to the whole of any body, muſt pervade every con- 
ſtituent portion; and the minuteſt particles of matter gravitate, 
though perhaps inſenſibly, towards each other. The operation of 
this principle between two ſmall bodies, at the ſurface of the earth, 


is only renders inſenſible from the predominant influence of the 
earth; 
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earth; for a pendulous body was obſerved to be conſiderably de- 

flected from its vertical ſituation by the attraction of the mountain 
Chimborazo in Peru; and, by ſome ingenious experiments made 
with great preciſion, Dr. Maſkelyne aſcertained the quantity of at- 
traction of the mountain Schehallien in Scotland.“ Every moun- 
tain therefore, and every leſs portion of the earth, poſſeſſes this 
quality; which might have been inferred from (215). For if a 
particle of matter be attracted by every part of a ſphere of matter, 
equally at equal diſtances, the direction of the combined attrac- 
tion will paſs through its center and v. v; but it appears, from 
experience, that all bodies deſcend in directions perpendicular to 
the earth's ſurface, and, becauſe the earth is nearly ſpherical, the 
whole force, producing this deſcent, is directed nearly to the cen- 
ter, and is conſequently combined of the force of 0 1 | 


233. ProP. The accelerati ng force of gravity at equal F ances 
From the earth's center, is the ſame in all bodies, whether fu OS or 
moving, and whatever be their magnitude, uur. aner. | 


* 


Du. This n e IS * demonſtrable from experiments. 
Two equal wooden boxes, ſuſpended by threads of eleven feet in 
length, one of which was filled with wood, and an equal weight 
of gold fixed in the center of oſcillation of the other, were diſco- 
vered by Sir I. Newton, to perform all equal. vibrations in the 
| ſame time; and nugoherleſs ann, demonſtrate that ge 

3 ies, 


® Tf a mountain do . an 3 power, a body Res near it vin de defleted 
from its vertical poſition, and point to a falſe zenith, and the arc, meaſuring the diſtance of this 
from the true, is the meafure of the mountain's attraction. In an obſervation ( on the north fide 
of Schehallien, the plumb line, being deflected towards the mountain, pointed too much to the 
ſouth, and gave the diſtance of a ſtar from the zenith too' mach to the north ; and from an 
obſervation made on the north ſide, the diſtance Was too much to the ſouth; Tho difference 
of the latitude of the two ſtations, collected by theſe obſervations, muſt be greater than it 
really is, by the ſum of the args meaſuring the deflections from the two zenic From ob- 
ſervations of ten ſtars near the zenith, Dr. Maſkelyne found the difference of the latitude of 
the two tations to be 54 6; "and, from a menſuration of their diſtance, it was only 43”; 
the difference of theſe is 11”6, and the half of it 5 8, meaſures the attraction of the moun- 
tain. This experiment is moſt convincing, and deciſive in IP of the univerſality of gra- 


vitation. 
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dies, however different their magnitude, figure, and denſity, de- 
ſcend in an exhauſted receiver, whatever be its height, exactly in 
the ſame time; and conſequently the tendency of bodies towards 
the earth, or their accelerating force, is the ſame whether * 
cent or nine &c.* Q. E. D. | | 


2 34. PROP, The weight of ledies, at the ſurface of the earth, are 
CO to their quaniities of matter. 


DEM. The weight of a 5 is evidently as the number of 
| equal particles or quantity of matter contained in it, multiplied 
into the tendency towards the earth, or accelerating force of each, 
and this being given (233) varies as the quantity of matter. 


Q. E. D. 
Otherwiſe: 


The weight of any two bodies A and B, or the forte produ- 
cing them, are clearly proportional to their vis inertiæ; for if the 
vis inertiz of A were to that of B, as 1, 2, 3, &c. : 1, it is evident 


that the weights or forces, producing the ſame velocities in 4 and 
B in the ſame time, will be as 1, 2, 3, &c, : 1; and conſequently - 


the weight, being as the vis inertiæ, will be as the ee of mat- 
ter * * D. 


235. Cor. If the accelerating fois of gravity were enereaſed in 
any ratio, the weight of a given body would be encreaſed in the 
| fame ratio. Subſtituting therefore V, Q F, for the weight, quan- 
tity of matter, and force of gravity, re ſpectively, and ſuppoſing 


them to be variable; V will be as X F; F as 7 Las P. HE 


if be given, F and _ as each other, 
; : SCH O- 


* All bodies, whether great or ſmall, denſe or rare, acquire a velocity in falling 1”, 


which would carry them uniformly through 32.2 feet in 1”, and an encreaſe of velocity, 
equal to this, is found to be added i in every ſucceeding ſecond of time. e 


9% 
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236. In the ſame place, and at the ſame diſtance from the qua- 
tor, bodies are found to deſcend through the ſame ſpace in the 
ſame time always; but, the force of gravity being diminiſhed un- 
equally by the diurnal rotation of the earth, they do not, and 
ought not to, deſcend through equal ſpaces, or perform equal vi- 

brations, in the ſame time, at different diſtances from the æquator, 
However, this unequal diminution of gravity, ariſing from the dif- 
ferent centrifugal forces, does not afford a ſolution for the dif- 
ferent ſpaces fallen through; and there muſt be ſome other 
cauſes of inequality, which are probably the difference of diſtance 
from the center, and different ſpecies of n matter near the places of 


obſervation. 


237. PROP. The force of gravity varies as the __ of the diſtance 
from the center of the _ inverſely. 


PLATE DEM. Gravity acts in right lines, and, whatever be the cauſe, 

is equally diffuſed over every point of the ſurface AB DC, equi- 

LI. diſtant from the center of the earth S; and that ſame influence is 
alſo equally diffuſed over the ſurface abd c, ſimilar to the former 
and ſimilarly ſituated. Taking a/mn equal and ſimilar to ABDC, 
the influence of gravity upon @/mn: influence upon 46 de or 
ABDC ::almn(ABDC) : ade:: SA: 84% Q. E. D. 


&nothes 


„ PROP. Suppofing the earth to be 1 the diminution of graviyy ari 5 ing from the centri- 


n . 75 : fugal fry varies as the ſquare of the coſine of latitude. * 
F I G. » 
L. DEM. Let Pp be the earth's axis, and . Tits æquator, and the centrifugal force at 2: 


centrifugal force at 4:: Q: AD; the centrifugal force at 4: that part oppoſite to gravity : $ 
AV: AL (ſuppoſing NL to be perpendicular to 4C):: AC: AD; and cate apa d the 
centrifugal force, or diminution of gravity at Q: the diminution of gravity at 4: : 2 C* 

: AD*. This diminution of gravity varies therefore as 4. or as the yn of the coline 


of the place's diſtance from 9. WED 
| tag: 
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Another demonſtration : 


AD BET: 7 0.44 
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The magnitude of the earth's attractive force, at different di- 


ſtances, varies as the ſpace through which it impels'a body in 


| equal times; but a body at the earth's ſurface falls through 16.1 


feet 1 in I, and the moon, at her N R nearly 60 ſemidia- 


meters of the earth, falls through 688681 feet BY 1 (from obſerva- 


tion): preſuming therefore that the moon is retained in her orbit 8 
by the earth's attractive power, the force of gravity at the earth's. 


ſurface, 1s to the force at the moon, a as 1955 : 80 X 668 


2 38 Cor. 1. The firſt of theſe in; is «ops to 


all forces ned NES nen * of matter . a a 
ny n ; 15111:3 © i 


4 
* 


22309. Cor.. Putting d for the Ft” e af fthe 3 and 7 for 
the weight of a body at the earth's ſurface, its weight at any other 


diſtance nd ( being a number) will be equal to . A weight, of | 


3600 ib. at the carth's ſurface, is equal to ® bo 5 or 1 lb. at the 


diſtance of the moon. 


240. Cor. 3. I BC and bc be homogeneous and fi milar, their 
weights 1 7 diſtances are equal; for they are to each other 


as 2 25 Ts (237) as 1: 1. If they be not homogeneous, their 


weights will be as their quantities of matter, that is, as their. 
weights at equal diſtances, divided * the u of their Gi- 
ſtances. | | 


- 
” "7 17 * % 
* a © « F-# 3 


N SCH O- 


/ 


22 60 * 60 1. 
. . of 
; ; x + 
5 a F# a + #0 & » 0 14 9 5 
„E. D. N . 1 L _ — 
pn Be 4 5 - * . A 
- N * \ a — x 4 *$ a *1 F 
y , * * 4 * ef , . * ” #6 S$SA&4S 5 * 
; — . - 
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of matter. Electrical and — experiments prove the exiſt- 
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8 CHO LI U M * 
241, a The variation of the force of gravity 1 was + cal * 


obſervation in Peru by Meſſ. Condamine and Bouguer. Conda- 


mine foynd that the ſame pendulum upon mount Pichinca, at 


Quito, and upon the banks of the river of the Amazons perform 


ed reſpectively 98720, 98740 and 98770 vibrations, in twenty- 
four hours, And Bouguer obſerved upon the ſummit of Pichinca, 


and upon the ſea-ſhore, being . * part nearer to the center 


of the earth, that the lengths of iſocrenous pendulums were to 
each other as 438.71 to 439.7. Theſe obſervations demonſtrate. 
a diminution of the force of gravity in receding from the earth's 

ſarface ; but the law of variation cannot be collected from them, 
or any other ſimilar experiments, with preciſion; becauſe the dif- 
ferent ſtates of the atmoſphere, of heat and cold, and different 
denſities of the earth contiguous to the different places of obſer-- 
vation, would proportionably affect. the experiments, and theſe 
cannot be aſcertained with ſufficient accuracy. From the obſer- 
vations of Bouguer, the force of gravity upon the mountain and 
upon the fea-ſhore, is as 99575 : 99802; and, ſuppoſing it to vary 
inverſely as the ſquare of the diſtance, it is as 99575: 99722; 
which differs leſs pm the true law than coun be expetted. 


s „ TT1UM Kin 

242. An inveſtigation of the cauſe of attractions and their mode 
of operation, and particularly of this mechanical affection of mat- 
ter, its gravity, ſo univerſally, prevalent, hath long been the object 
of the philoſopher's reſearches, but without effect; the ſubject is 
{till involved in impenetrable darkneſs, and his wiſhes are unſatisfied. 


Dr. Halley refers it to the immediate agency of the Creator; Mr.. 


Cotes deems it eſſential to matter, like extenſion and mobility, Kc. 
and Sir I. Newton ſeems to entertain a different opinion, and at- 
tributes it to ſome undiſcovered and inviſible mechanical affection 


ence 
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ence of a ſubtle fluid pervading the pores of the denſeſt bodies, 


and the gravity of bodies may ariſe from the action of a fluid, 


whoſe particles are ſo ſtnall*as fo paſs through all bodies, and 
does not therefore reſiſt their motion; and, if endued with a 


ſtrong repulſive power, it will by expanding itſelf preſs upon groſs 


bodies. This ther, Newton fuppoſes, is, from its repulſtve force, 
much rarer within the denſe bodies of the ſun and planets, than 
in empty ſpace, and in receding from them becomes perpetually 
denſer and more elaſtic, and therefore occaſions'thei? gravity,/evety 


body being impelled fram the denſer towards the rarer parts of the 


fluid. This however is conjectural, and. its truth or falſehood 
can only be eſtabliſhed by future experiments. All that is eer- 
tainly known about this myſterious cauſe, is, that: it edrinot ariſe 
— the preſſure of a fluid ſimilar to thoſe with which we are 
_ acquainted, whether ſoft or elaſtic, quiet or agitated, for the'fol- 

lowing reaſons. Fir, Becauſe a fluid, ſubtle enough to Penetrute 
the inmoſt receſſes of the denfeſt bodies, and ſo rars as not to im. 
pede their motion, cannot be concerved capable of communicating 
motion to them. Secondly, Becauſe the attraction of gravity penetrates 
the inmoſt receſſes of bouties; and their weights are proportional 
to their quantities of matter, not magnitude of ſurface; but the 
preſſure of every fluid with which we are acquainted; vanes as the 

ſurface: oppoſed to it. Thirdly, Becauſe the attraction of gravity 
acts with equal intenſity upon bodies, whether quieſcent or mov- 
ing; but all known fluids act upon quieſcent and: moving bodies 
wath different: forces. But, however unſearchable the efficient 
cauſe ob gravity: may be, its final cauſe is moſt conſpicuous, being 


the preſervation of the earth and other planets, and of their pe- 


riodical revolutions, which are only continued by an TIEN 
ed exertion of this mechanical ace ns matter. 7 apt 


N2 CHAP. 
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CHAP. VI. 
ATTRACTION or COHESION. 


SECOND ſpecies of attraction, diſtinguiſhed from that 
of gravity by the intenſity of its action, and the ſmall di- 
ſtances to which its ifluence extends, is that obſervable between 
the minute particles of bodies, whether hard, ſoft, or fluid. Hard 
and ſoft bodies have an appearance of endleſs compoſition ; but 


they are compoſed of inſenſibly minute particles which cohere to- 


gether and form greater, and theſe, being ſucceſſively compounded 
by the influence of the ſame principle, form ſucceſſively greater, 
till, by repeated coalitions, they become objects of ſenſe; and it 


appears, from many phenomena, that the particles of all known 
fluids have alſo a tendency to cohere with others. This mutual 


tendency to accede to each other, of the component parts of hard, 


| ſoft, and fluid bodies, not ariſing from any ſenſible material im- 


pulſe, indicates that philoſophical relation denominated attraction 
(230); which, being great at the point of contact, and evaneſcent 
at the leaſt ſenſible diſtance, coincides, in theſe marks of ſimili- 
tude, with innumerable phenomena, and the material power, from 
whoſe agency they are conceived to refult, is called by the ſame 
name, the attraction of coheſion, becauſe they are all effected by the 
mutual action of particles, whoſe force is great when contiguous, 
and, when removed to any ſenſible diſtance, evaneſcent. But whe- 
ther the phenomena, which have theſe marks of coincidence and 
fimilitude, reſult from a common cauſe, varying at different di- 
ſtances, like the attraction of gravity, according to the ſame law 
of the diſtance, can only be aſcertained by experiments, which are” 
yet too undeciſive to allow of accurate diſcrimination. The laws 


and limits of the action of theſe minute particles are ſtill un- 
known, 


* Helſham, Le&. I, II. Muſchenbroek, Ch. XVII. Newt. Opt. p. 380. Hamiltop's 
TraQs, Ina. HM. 
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known, and, from their almoſt inſenſibly minute ſphere of action, 
perhaps undiſcoverable; but its intenſity ſeems to vary according 
to ſome higher inverſe law of the diſtance than the duplicate, and 
therefore ſoon evaneſcent, that it may not interfere with Un at- 


traction of gravity. 


243. Prop. If the EVE compoſing tevo "ſpherical furfaces AFC, F IG. 


BDE, attract with forces, equal at equal diflances, and at unequal di- 
ances, varying as the n power of the di france inverſely, a particle P 
will be attracted by them with a force varying inverſely as that pre 
of the diſtance, whoſe exponent is n — 2. 


Dem. The attraction of P towards theſe ſurfaces, is as the 
number of articles and power of each, or as =—- PR, or 
Pp 5 "PA" PB 


PA. PR 
a8 .A.: PH. or as N=. Pg N D. 


244. Cor. 1. If n= 2, the Attraktion of theſe laminæ are as 
1: 1, or equal to each other; and the attraction of the ſolid. 


BEA is equal to that of one lamina multiplied into their number. 


The attraction therefore of this ſolid is to that of PAC :: BA: 


PA; and conſequently the attraction of a portion of matter, 
in contact with P, is not much greater than when removed to a 


ſmall diſtance. 


245. Cor. 2. If = 3, the arrradtive hg of any laminæ FIG. 


BDE, AFC, are to each other as 55 = 5 . or as the ordinates 


BI to AL of an equilateral hyperbola; and the whole attractive 
power of the body BECA is to that of PA G:: area BL: area AR 
:: a finite quantity: a quantity infinitely greater. According to 
this ſuppoſition, the attraction of P is not much affected by the 


addition, or deduction, of new matter at a ſmall diſtance; for the 
encreaſe, 


TO1 


LIII.. 
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encreafe, or decreaſe, of force reſulting from it, would be finite, 
and eee infinitely leſs than that reſulting from contact. 
But if the ſurface of P were enlarged, and in contact with new 
matter, attracting according to this law, ns Sab force would 
be pi 'oportionably encreaſed. 


246 cor. 3. If this Fn: OY at a finite Asen bad a finite 
ratio to that of gravity, at the point of contact it would be infi- 
nitely. ſuperior to that of gravity ; and, if at. the point of contact, 
the ratio between this attraction and gravity were finite, at 6 ou 
aſſignable diſtance it would be evaneſcent. : 


247. cor. 4. The attraction of nn being great in eon- 
tact and inſenſible at a ſmall diſtance, varies in a W than 125 


inverſe duplicate ratio of the diſtance. 


248. Cor. 5. Since the coheſive force. of any particle P, in con- 
tact with the body PAC, varies as the quantity of ſurface, it will 
be greateft when the ſurfaces of contact are plane. Two ſpecies 

of matter conſtructed of diſſimilar particles, a, 5, c, d, e,f, g, &c. 
| 9/25 u, o, p, g. &c. have different degrees of WN for the ſur- 
faces of contact, and coheſiye forces of 4, G, c, d, &c. are greater 
rere f | 


249. Gor. 6. Of unequal fimilar particles, the ſmalleſt are ca- 
pable of the firmeſt coheſion, becauſe they have the greateſt ſur- 
faces of contact compared with. their magnitudes,. the ſurfaces 


being diminiſhed only as the ſquares, and the r as the 


cubes, of . lines ſimilarly comin in _ 


250. Cor. 7. Hard bodies therefore may be- conceived to be 
conſtructed of very ſmall particles, or ſuch as are terminated” by 
plane ſurfaces; for collections of theſe particles cemented by this 

principle 
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principle of coheſion, with which they are proved to be impreſſed, 
would conſtitute hard bodies. And Toft bodies may be conceive: 
to be combined from large ſpherical particles, or ſuch as have 
many angular moms, and 10 not allow of great ſurfaces of con- 
tact, 


Lo 


no wn” 


251. The exiſtence of this natural 3 collected, and a 
general idea of it formed, from the following familiar obſervations 
and experiments. Firft, An attraction ſubiiſts between the component 
parti of hard and ſoft bodies. The force required to ſeparate the 
contiguons parts of hard bodies, which is equal to the force of 


11 ? 12 
FE SF. . wa 2 8 : * * Ss . | y 
241 > , <8 * 4 . 5 ff X 

mo 


coheſion, is much ſuperior to their gravity, though they be full of 
pores and conſiſt of portions collected into one maſs, and youch-- 


ing only a few points; and it muſt be much greater between the 


ſmalleſt particles, whoſe ſurfaces are in contact, without any great 


intermediate vacuities. This attraction is very ſtrong in all tena- 
cious and viſcid bodies, as pitch, roſin, &c. which adhere to every 


thing in contact with them; and if a body very ſoft and viſcid be 


extended, it will again contract its dimenſions by the-tendency of 


the parts to each other. Large flips, floating near each other 
in a calm fea, have a great tendenby to each other, and are with 


difficulty kept from coming together. If the ſurfaces of the ſeg- 


ments of two leaden bullets, whoſe diameters are not greater than 
:th of an inch, be pohfhed, and compreſſed Together: by a gentle 
twiſt, it is faid that a weight of +1001Þ. is frequently required to 
ſeparate them. -And:if two poliſhed plates of gtaſs, marble, bras, 


or any metaltine fubftances, be compreſſed together and ſuſpend- 


ed in an exhauſted receiver, the weight of the lower plate will not 
diſſolve their coheſton; and if any fine thread be wrapped round 
one of them ſeverat times, at confiderable intervals, after com- 
preſſion, their coheſion is ſtill fenfible, though they be removed 


from actual contact by the thickneſs of the thread. The coheſive 


forces of thefe fubſtances is augmented by moiſtening their fur- 
faces with water, oil, greaſe, &c. which expe the air from their 


pores, w_ if very tenacious, keeps it confined, and prevents the 
acTion 
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compreſſed together, their cohe 
in the following table 
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action of its repulſive power. The coheſive; force of two poliſhed; 
plane ſurfaces of metal, whoſe diameters were two inches, heated 
in boiling water, and beſmeared with greaſe, oil, &c. was overcome 


by the following weights 8 TOW 
Cold greaſe. Hot greaſe. 
Planes of glaſs by 130 lb. by goolb. 

| braſs . 150 800 


— 8 
marble 2277 600 
ſilver 150 _— T7 

.. . ©. go6% 


When theſe ſurfaces were moiſtened with water, oil, &c. and- 
ſion was overcome by the weights 


With water by 12 02. 
n | 18 
Venice terpentine 24 
roſin 8 50 lb. 
tallow- candle „ 
pitch . 1400. 


* 


Secondly, An attraction fubfifts between the particles of any porti * ; 


of water, oil, mercury, and all other fluids, except air, fire, and light. 


Small portions of theſe fluids form themſelves into globular drops 
both in the open air and in vacuo; and if a drop of mercury be 
ured upon clean paper, or a drop of water upon the leaf of a 


— their ſpherical figure is not changed, the gravity of their 


parts being unable to diſſolve their coheſion; and two drops of 
any fluid, not much attracted by the ſurface on which they are 


placed, will coaleſce into one when in contact, as is often obſerv- 


able in drops of water lodged upon the leaves of plants. If mer- 
cury, well purged of air, be poured into a clean glaſs tube 70 
inches long, ſo that its parts be contiguous to each other and to 


but the preſſure of the atmoſphere ſuſtains only 29 or 30 inches, 
and the remainder muſt be ſupported by ſome other agent, which 


the glaſs, after inverſion the whole column will remain ſuſpended; 


is chiefly the mutual adheſion of the parts; for if they be diſcon- 


tinued : 


— tr rn rr I HI AD ye 
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tinued by a bubble of air intervening, or by ſhaking the.glafs, the 
column ſubſides to the height of 29 or 30 inches 8 


12 1 10H}: cl ait ME IGNT 41 85 EAT. Pam 5 
Thirdly, This ſpecies of attraction ſubſifts. between, the particles, of 
different fluids, and between them and other ſußſiances. If a piece of 
fir wood, whole ſurtace is one. ſquare. inch, be ſoaked. in water 
and float upon its ſurface, a weight of 50 grains, beſides an 
equivalent to its own weight, is required to detach it from the 
fluid; and when its ſurface is enlarged, a proportionably greater 

weight is required. Water riſes near the ſides of the veſſel con- 


taining it, round a glaſs bubble floating upon its ſurface, up capil- 


lary tubes of glaſs, plants, &c. A remarkable inſtance of this at- 
traction occurs in the new invented water- pump. If two wheels, or 
pullies, B and Y in the ſame plane, be made to revolye with great 
velocity, and D be immerſed in water, a column of water will aſoend 
with the rope; and, if there be two or more grooves in B and D, 
and as many ropes paſs over them, at the diſtance of about an 


inch, the columns raiſed by each rope will cohere, and the quan- 
tity of water be much augmented.* Air is incorporated with moſt 


hard bodies, poſſeſſes their interſtices, and probably ſerves as a bond 
of union to their conſtituent parts. It appears from many experi- 
ments, that the quantity of air, detached from ſome hard bodies in 
which it was conſolidated, by the action of fire, or ſome particular 
fermentation, is very conſiderable; and Dr. Hale diſcovered that 
z of a calculus humanus were air. It is attracted by water, and 
perhaps all fluids, into whoſe pores it inſinuates itſelf, is intimately 
* There are two of theſe machines, at Windſor, of different dimenſions. The depth 
of the well at the round tower is.178 feet: D is the wheel in the water, its diameter = 12 
inches, the thickneſs of the rope DB =; inch nearly; diameter of the upper wheel 2213 
inches; diameter of C = 11 inches; diameter of E = 4 feet 6 inches; a power, applied at 
F turns the wheel E round, and that, by means of the firing EC, communicates motion to G, 


£ 


which has the ſame axis with B.. WES 4 7s 
In the other machine the depth of the well is 9 feet, and, in this, the quantity bf vater, 
raiſed by the utmoſt efforts of a man, was at the rate of nine gallons in a minute. At Paris 
500 pounds of water were elevated through an altitude equal to 240 feet, in ten minutes, 
when the diameter of the rope, ſurrounding the pullies, did not exceed fix French lines. In 
the beginning of the motion, the column, adhering to the rope, is always leſs than whenzit 
has been worked for ſome time, and continuęs to egcreaſe, till the ſurrounding air partake 
of its motion. . | J 5 „ | 
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ATTRACTION or COHESION. 
mixed with them, and coheres too ſtrongly to be ſeparated with- 
out the agency of fire, or ſome more attractive ſubſtance. If ſal 
ammoniac, or corroſive mercury ſublimate, be diſſolved in water, 


bubbles of air will diſengage themſelves from the water, and, ad- 


hering very tenaciouſly to the thin particles of the ſalt, aſcend with 
them, and burſt upon the ſurface. When water, beer, &c. are 
oured into a glaſs, or other veſſel, many bubbles of air are de- 


tached from the fluid by the ſtronger attraction of the veſſel, and 


adhere to its fides and bottom; and, if theſe be rough, or have 
more points of contact, the number of bubbles will be encreaſed. 
Light is attracted by glaſs, water, and all tranſparent mediums, as 
appears by its refraction and reflection; and alſo by all other ſub- 
ſtances, as is obſervable in an experiment of Sir I. Newton.“ A 
beam of light admitted through an aperture into a dark chamber, 
and paſſing by the edge of any ſubſtance, will be deflected from a 
reftilineal courſe, and by repeated attractions and repulſions de- 


ſcribe an undulating line in its paſſage. 


Or HARDNESS, SOFTNESS, any ELASTICITY. 


252, DEF. A tard body is that whoſe parts are nat — moved 
1 their places; as wood, metal, ſtones, Sc. 


Bodies conſtituted in ſuch a manner that their component parts 
do not give way to compreſſion, and whoſe coheſive force is inſu- 


perable, may be called perfectly hard. The hardeſt bodies with 


which we are acquainted, as adamant, flint, gems, tempered ſteel, 


&c. are full of vacuities, ' and contiguous portions of them, not 
being in contact all round, are penetrable, and ſeparable by the 
action of a ſufficient force. Fire inſinuates itſelf amongſt the 


vacuities of the denſeſt and hardeſt bodies, and produces fuſion 


or expanſion, which cannot be effected without an intire ſepara- 
tion, and change of place, of their component parts. Perfect | 


' hardneſs therefore ſeems to be confined to the elementary particles, 


or leaſt parts into which bodies can be divided, whoſe figure and 
dimenſions cannot be ſeparated by any known power, and are im- 
penetrable. | 
| 253. Dr F. 
* Newton's Optics, p. 377. e | 


HARDNESS and SOPTNESS. 


253. Dzr. A ſoft body is that whoſe parts change their poſition by 
the action of a ſmall force, and retain it when the Force is removed; as 
. ſnow, wax, Cc. 


Bodies conſtructed 1 in ſach a manner that their vacuities are not 


replete with any fluid, and whoſe parts do not repel each other, 


and are only retained in their places by their inertia, may be 


called perfectly ſoft; but no ſpecies of matter is perfectly ſoft, for 
the particles of all bodies, not poſſeſſed of a repelling power, re- 
quire a much greater force to ſeparate them, than what is equiva- 
lent to their inertia. The degrees of hardneſs and ſoftneſs are 
infinitely variable, and the limit where hardneſs ends, and ſoftneſs 

begins, cannot be defined. In the congreſs of hard and ſoft bo- 


dies, there is no cauſe of ſeparation after they come into contact, 


and they will therefore either move on together, or be quieſcent, 
after impact; and, the effects of colliſion being aſcertained when 


there is no repulſive power, allowance muſt afterwards be made 


for their different degrees of * 


254. Dze. An elaſtic body is ; that which FW its figure, or the 


poſtion of its parts, by the action of a force, and recovers, or has a ten- 


£ dency fo recover, its Hure. 


Elaſticity i is ſaid to be . when the parts of the body re- 
turn to their firſt ſituation with a force equal to the force diſ- 


placing them, and imperfect, when they do not. 


258. Prop. If a perfectly Bard body A impinge upon 4 perfeftly 
elaſtic immoveable body B, it will be reflected with à velocity _= to 
bat of impat?. 5 


Dan, The particles, compoſing the ſurface of B, are conti- 
nually removed from their places by the compreſſion of A. till it 
and their reſiſtance become equal; and then, returning to their 
firſt ſituation with. a force equal to that of compreſſion, and 
| O2 in 
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TELASTICETTYT: 


ina direction oppoſite to 4's motion, A muſt evidently | be 'repelled 
with a Pay * to that of — Q. E. D. 


2 56. Cor. 1. If A and B be both perfectly elaſtic, tl the particles, 
compoſing their ſurfaces, recede equally, though the receſs is leſs 
than when A was perfectly hard; but the effect is the ſame, the 
whole force of reſtitution being equal to that of e e and 
2 big to repel A. 


9 2 57. Cor. 2. If B be moveable, the at loſt by A 1s Joukls 
of that loſt by impact only; for the parts.of B's ſurface, conti- 
guous to the point of impact, reſtoring themſelves with a force 
equal to that which diſplaced them and acting againſt A, it will be 
equally retarded by the forces of impact and reſtitution ; and, for 
the ſame reaſon, the velocity communicated to B is double of what 
it would be, were both bodies — hard. 


— — 


258. Cor. 3. The relative velocity of 4 at B is the ſame be- 
fore and after impact, or the velocity with which they accede to 
each othor before impact, is equal to the velocity with which they 
recede from each other after impact; for the forces of impact and 
reſtitution, being equal and oppoſite, produce the ſame effects in 
oppoſite directions, and the relative velocity, which is deſtroyed 
by impact, muſt be reſtored. by the force of elaſticity, 


SCHOLIUM: 


259. The whole time of contact of A and B, may be divided' 
into two equal periods, the former between their firſt contact and. 
the ceſſation of A's compreſſion, and the latter between this 
point and their laſt contact, when: they are ſeparated by the reſto- 
ration of their relative velocity. And, if the time of 4's com- 
preſſion be divided into very ſmall equal parts, A's decrements of 


velocity produced in them will perpetually encreaſe, from the firſt 
| contadt: 


ELASTIC ITT I. 

eontact to the end of compreſſion, where its force of protruſion 
vaniſhes, and it is ſtationary for a moment, if B be fixed, or, if 
B be moveable, its velocity is equal, 'for a moment, to that of B. 

The particles then returning, by their elaſticity, to their firſt ſitua- 
tion, will communicate, in equal times, perpetually decreaſing in- 
crements of veloeity to A, equal to the correſponding decrements 
during its compreſſion, - which vaniſh when the ſurface has re- 
gained its natural ſtate, when A leaves B, and is reflected with a 
velocity equal to that loſt by impact. When A and B are both 
perfectly elaſtic, the particles, contiguous to the point of impact, 

give way equally; and when A is perfectly hard, and B imper- 
fectly elaſtic; or when they are both elaſtic in different degrees, 


the particles yield to wee e and a 1 an Fr caving moſt: 


be formed in one of them. 3 VID 21-2367: Mes f 511 
En ICH 10 19115 why” D 10 $i 8651111 l 


+ 57 21 
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260. Cor. 4. If the times of compreſnon and ie be di- 
vided into the fame number of equal moments, and the decre- 


ments and incremttits of veloeity, in eorreſponding moments of 


compreſſion and dilatation; bes A: 1, the velocity loft by impact 
is to that commuflicated in an oppoſite direction, in the ſame ra- 
tio of 2: 1 (EUc. B. V. P. XII.). And, if this ratio between. theſe 


5 velocities always obtain, their correſponding. increments and. de- 
crements will forge be to each other'i in x that ratio. 5 


6 * 4 z * + 
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261. *The Ae of elaſticity i is demonſtrated be numberleſs ; 
experiments. When two bodies impinge, they muſt coaleſce if the: 


ſurfaces of contact be immoveable, or, after receding, remain 


immoveable; and their ſeparation is a proof of elaſticity. Metals, 


ſemimetals, ſtones, gems, foſſils, cartilages, moſt fluids, as air and 


even water, exert an influence oppoſite to the direction of the force 


compreſling them, and diſcover a tendency to return to their natu- 
ral ſtate; which is, in all of them, imperfect and leſs than the force 
un preifed, but moſt perfect in glaſs, ivory, hardened ſteel and carti- 


lages. 


2 3 Ch. XVI. Deſaguliers, Lect. VI. 


* . 


— = 


3 — —— — Der l — 22 — 
y 1 Rr — 4 — 2 A 
4 n — EIS * * n - 
C2 WS un<ith & . 


8 


. ͤ;ů—L ] w ² ů rn — 


110 


E LASTIC IT y. 


lages. Elaſticity is encreaſed by encreaſing the denſity of a body; 
for metals are rendered more elaſtic by being beaten with a ham- 
mer, and their elaſticity, which, was not perceptible before, becomes 
after this very ſenſible. Steel is more elaſtic when tempered, and 
its denſity is then encreaſed in the ratio of 7809 : 7738. It is alſo 
ſometimes encreaſed by cold, as the range of a cannon: ball is 
greater when the cannon is cold, than when. heated, and the firing 
of a violin, or a ſteel lamina, is inflected, and recovers its ſituation 
with leſs force in hot than in cold weather. The ſphere of action 
of the component 2 of an elaſtic body, and the moments of 
time in which they loſe, and recover, their ſituation, are too ſmall 
to allow of deeiſive experiments for aſcertaining their intenſity, and 
laws of operation, at different diſtances. from their natural Rate; 
and the reſult of experiments is only the xelative magnitude of the 


velocity loſt by impact, or the whole effect of compreſſion, and 


that communicated by the whole aggregate force of reſtitution. 
Metal fibres, and thin ſteel laminæ, exhibit no elaſticity unleſs 
ſtretched to a certain degree, and inflected by a certain force, as 
appears from lax chords, which, if a little ſtretched and removed 
from their natural ſtate, diſcover no tendency to return to it; and, 
when the inflection of a fibre is very great, the influence of elaſticity 
ſeems to be annihilated, as appears from fibres of wood, which, if 


inflected beyond a certain limit, remain quieſcent and have no ten- 


dency to recover their ſituation. This is alſo obſervable in elaſtic 
bodies, for their elaſticity is only diſcovered by impact, and the force 


of impact may be ſo ſmall as to excite no ſenſible motion of the 


conſtituent parts, or ſo great as to deſtroy their elaſticity; but the 
limits where it begins and terminates are unknown. A general 
idea of elaſticity may be formed by conſidering the moſt ſimple 
caſes of the vibrations of fibres, or thin ſteel ee and con- 


L ceiving elaſtic bodies to be —_— of e 


Ex r. I. If any ww 1 la 4 3 ſteel, 
whoſe length is AB, be ſtretched and fixed to two immoveable points 


A and B, and inflected into the poſition ACB by a- power which 
ceaſes to act at C, it will return by ian toũts natural ſtate 


AB, 


E LAS TICIT V. 


AB, and, proceeding with the velocity acquired, continue to per- 
form nearly equal vibrations on each fide of AB till its motion he 
deſtroyed by friction, and the reſiſtance of the aur. 


Rxr. H. If the diftance of this nen Fram n 6 hi 


is parallel, be equal to D, and a ſpherical ball P, whoſe diameter is 


22D, be rolled againſt it, the fibre will be inflected, and this in- 


flection will encreaſe till P be quieſcent, and, then returning to its 
firſt ſituation, P will be repelled and detached from it, when ar- 
rived at AB, with a velocity nearly equal to that of impact. 


Exp. III. Very ſmall inflections PD, PC, of the ſame fire AB, 


are found to be nearly as the inflecting forces; but when the in- 
flections are conſiderable, they vary as ſome power of the force, 


whoſe exponent is leſs than unity or fractional. If 4B be a ſmall 


braſs wire tended by a weight of z lb. and inflected 2 P by 
weights equal to ;0z. and 1 oz. ſucceſſively, PD: PC ::3: $300 32-13 


or the NY are as the nn forces. 


| Exp. IV. If the lengths of the wire be multiplied by 2, 3, &c. 
and the ſmall inflections PD, PC be always to each other as * : 1; 
the inflecting forces are found to be as 1:2 and 12 3 dc. or in- 


as the e the wire. 


Exp. V. If the . of the wire be the ſame as in Exp. III, 
be equal to 3 Ib. and 61b. and PD: PC:: 1: 2, the ſame as be- 
bo the ne forces are as 1: 25 or they vary de as . 


262. Cor. 1. If. F 3 the infleting force, L the length of 


the OY Ta ſmall inflection PD or PC; I is as F (Exp. 111.); F 
is 48 F E = (Exp. v. n and F is as J/ (Exp. Wk And conſequently 
| if 
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if J. F. 7 be Aae to . the c infleting ere F will vary = as 
Tx. | | 5 
+ 25 * e Wm Tr.. ITC; £746; CHILE Me * 7 


263. Cor. 2. Fibres 6f unequal thickneſſes may be en to 
be compoſed of a greater or leſs number of finer fibres of the ſame 


thickneſs, and if WW, L, I. be given, it is evident that F will be as 
the number of ſmaller fibres, or as the area of a ſection of the 
fibre compoſed of them, or as the ſquare of its . N 


2 
and conſequently F will vary as ha —— 8 


1 


— . I 


264. Cr. 3. It is collected from theſe and other ſimilar expe- 


riments, that the elaſticity of a ſtretched fibre appears as ſoon as 


it is inflected by the impact of the ball, and continues to encreaſe 
to the limit of inflection, where, the moment of the ball and re- 
ſiſtance of the fibre becoming equal and oppoſite, the protruſion 
ceaſes; and, becauſe the velocities of impact and reſilition are al- 
ways nearly equal whatever be the velocity of impact, the velo- 
cities of P are equal, at equal diſtances from the limit of inflection, 
both in its — and regreſs. 

; 13 & 


26 A 8 | Elaſtic * may bo conceived to. be formed. a 


ö elaſtic fibres or ſtrata, ſuch as AB; for let the ſphere DBE be 


imagined to be compoſed of ſuch ſtrata, and ſtricken at D hy a 


body perfectly hard, and the parts neareſt to: D, receding by the 


force of impact, will communicate motion to the contiguous parts, 
and theſe to the next, till the different ſtrata be inflected as is r- 


| preſented by the dotted lines in the figure. When the motion of 


the impinging body is extinguiſhed, and the particles, compoling 


the ſeveral ſtrata, are no longer protruded, they will return, by 


their elaſticity, to their firſt ſituation; and, if their velocity be 


perfect, with the ſame force in acceding to, and receding from, D; 
and conſequently the impinging body will be reflected withia force 


equal 


N BLASTICETY. 
equal. to thè foree of impact. And that this is ndt merely hypo- 
thetical, but that motion is diffuſed from the point of impact to 
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the remote parts _ n badies,:ie PR ear en _ Wee | 


exper iments; ir 2 i 


Exe. VI. If a ſpherical ball of ivory A be preſſed againſt an- 


other B, whoſe ſurface is freſh; painted with any colour, it 


will receive a ſmall point of that colour upon its ſurface; but if 
A impinge upon B with any velocity, the breadth of the ſpot will 
be magnified, and — greater as the velocity of impatt is 
encreaſed. And, becauſe the ball retains its erica figure after 


impact, the parts of its e _ N _ Ar- mmi their | 
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Exr. vn. 11 two o glaſs balls at with 4 4 r degree of 


velocity, the interior parts of the balls will be broken, though the 


exterior, contiguous to the Oo of impact, oh unbroken. 


4 ; 5 


fame point by two Wings of the fame length, and the leſs ball A 

impinge upon B at reſt with a given velocity, A will be reflected 
— to the ſame height, and B will be impelled to the ſame 
height, upon the graduated periphery of a cirele whoſe radius is 
the length of the ſtring. But if either A or B be hollowed and 
lead inſerted in the center, or nearer to the poſterior ſurface, nei- 


ther ball, though their weight be the ſame, will aſcend as high as 


before the inſertion of lead. 


266. Cor. 1. Motion is therefore communicated from the point 
of impact to the contiguous parts (Exp. vl.), and diffuſed from 
thence to the remote parts of every elaſtic body (Exp. vII. & VIII.) 


i © 
+. & 


E 267. Cor. 


Exe," VIII. If two ivory * 4 and B be ſuſpended + . the 


174 
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265. Cor. a. dt. is; evident) frond. Exr. nn. ) that ſhe progreſye | 
motion of the parts; fromothe!pomit iof:impatt; is dlopped. 'by the 
infortih-of lead, and wenſequentlyxhit the force of ER 
and change of figure, is leſs, an before it was inſerted. | 


Ex. IX, A Rahel friction upon the :odge of R glaſs; med 
with water, communicates a tgenialous:motinn tothe parts of the 
glas, which is viſibly communicated to he water., A veed or 
ſtiok, placed acruſa the ſbottom of a large gifs bell, null fall tien 
the bell is ſtruck, the ſtroke producing a change bf figure; and, if 
a piece of metal ibe fixed near the brim; ar lip af thebell without 
touching it, and the bell be Iſtiickenoby any hard hody, fit is cem 


to touch the metal, and a ſucceſſive of ſounds, perpetually;decays 


ing, may be heard. If the edge of the bell be pinched, arid the: 
fingers ſuddenly withdrawn, the ſame ſound is heard without pro- 
ducing: — motion towards the mietal, vr er gd Dn es 


ret: —— , 12 20 1 1 a cl 2111 4 . 1 i 36343 37 14 * 1430 
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268. Cor. The motion diffuſed from the point of impact, to 
the remote parts of an claſtic body, is. eontinned for ſpmeę time, 
and diminiſhed gradually till it vaniſhes. nd there feer :t6 
de two kinds of · Nbratians of the parts af an-claſtic body, ane of 
which is quick, and icalled a tremor of its minute parts, land — 
other ſlower and longer, ah el * . e an 
impinging rhe i comer N F 12 Ws 2401 
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| . affections, gravity, cohefion and elafticity; and the nature 
of che other qualities of matter, being aſcertained experitnentally, 
they are affumed às eſtablifhed principles, and their efficacy in the 
production of preſſure, motion; and other phenomena, is the next 
object of mechanical philoſophy. There are fix ſimple machines, 
commonly ſtiled mechanical powers, from the effects produced, 
with their intervention, by the action of gravity and animal exer- 
tions, viz. the lever, wheel and axis, pulley, wedge, inclined plane 
and ſcrew. They are all calculated to communicate motion to 
bodies, and ſuſtain their preſſure, for which, the power unaſſiſted 
by them, is incompetent ; and the artifice in all conſiſts in diſtri- 
buting the weight amongſt fuch a number of agents, that the part 
ſuſtained by the power may bear a ſmall ratio to the Whole: 
Thus, a power in: reps communicating motion to, or _= 


crum, allelbanng beet a aki of fall, or king it 
upon an inclined plane or ſcrew; and, by this artifice, a power P 
may keep a weight ſuſpended which exceeds it in any aſſigned ra- 


tio, though without any acquiſition of moment in a given di- 


rection: for motion is only communicable according to the 'eſta- 


bliſhed natural relations ſubſiſting between matter and motion, 
and the magnitudes of two power, in W 10, are always 1 in- 


Vs ' 


verſely as their velocities. | 


* Keil's Phyfics, Lect. . Helſham, Lea, VI. Emerſon, Prop. 18, &c. Gates, 1 
C. Xx. Muſchenbroek, Ch. VIII. Varignon, pag. 305. Maclaurin's Newton, B. II. Ch. III. 
| Hamilton! 5 EW on the Principles of Mechancs. Morgan!s Notes;to Rahanlt. 
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MECHANICAL POWERS. 


L E V E R. 


269. DEF. A lever is a bar of wood or metal, m4 rs uſually re- 
| Preſented by an inflexible line, without gravity, revolving about à fixed 
point, called the Fulcrum, oy the action ef a power upon its arms. 


PLATE The points V. P, where the weight and power act, are the 
pic. points of ſuſpenſion, and the immoveable point F, about which 
LVIII. every point of the lever revolves, is called promiſcuouſly the ful- 

crum, hypo-mochlion, and center of motion. There are three 
kinds of levers: 1. the fulcrum is between the power and weight, 
as in the common balance, ſciſſars, ſnuffers, &c. 2. The weight 
1s between the power and centre of motion, as the oars and rud- 
der of a boat, cutting knives fixed at one end, doors, &c. 3. The 
power is between the weight and fulcrum, as a ladder raiſed 
againſt a wall, a weight raiſed by the arm, where the center of mo- 


tion 1s at the ſhoulder, &c. 


FIG, 270. Cor. 1. Forces whoſe magnitudes are to each other as PA. 

LIX. PB, PC, &c. acting at P and terminated by a line AC, parallel to 

| PF, have the ſame effect: for each may be reſolved into two 
forces, one perpendicular, and the other parallel, to PF; of which, 
the perpendicular parts are equal and entirely employed in 
producing a rotation of the lever round F, or in ſupporting a body 
placed on the other ſide of F, and acting perpendicularly ta 
Fl, and the parallel parts only produce a motion in the direc- 
tion PF, and do not produce any rotation, ar contribute to the 


ſupport of V. 


FIG. 271. Cor. 2. If a given power, rcpreſented by PB, act at the 
LX. ſame point P itt any direction PD, its efficacy to turn the lever 
round F, or ſupport any body . is as the chord PC of the cir- 


cle whoſe diameter is PB; for PD — taken equal to PB and 
reſolved 
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| refolved into two forces, one DE perpendicular, and the other PE 
parallel, to PF, it appears from fimilar triangles, 1 DE, the 
only effective 81 of the force, i is n to PCG. 


272. PROP. Two powers w. v. ating upon ad PW, whoſe PLATE 
center of motion is F, at the points P and W in the directions WM, p16, 
PL in the ſame plane, and in equilibrio, are to each other inverſely as LXI. 
the e let fall from F upon their directions. 


' Daw. From F as a center, with the de perpendicular FL, 
deſcribe a circular arc cutting the direction of in D, and, be- 
cauſe the efficacy of theſe forces is the ſame to whatever points of 
their directions they are applied, let them be applied at L and D. 
Let DE repreſent the magnitude of and be reſolved into two 
forces, one DG in the direction FD, and the other EG perpendi- 
cular to it; and, becauſe DG has no effect in making DF re- 
volve, nor conſequently the lever which makes an. invariable angle 
with it, and EG and P act at equal diſtances from F, in direc- 
tions perpendicular to thoſe diſtances, and are in equilibrio, P is 
equal to EG, and : P:: DE: EG:: DF (FL): FM, from ſi- 
milar triangles. Q. E. D. 


273 Cor. 1. In any Jevan FP o or PHK, thoſe parts of P and p16. 

W, which are oppoſite to each other, are inverſely as their rectili- LXII. 

neal diſtances from F; for let VA and PD, be the reſpective 

magnitudes of M and P, which act at V and P, and reſolving 

each into two forces, VB, PE, coincident with the lever, or arm 

Fp which makes an invariable angle with it, and AB, DE, pa- 

rallel and oppoſite, and drawing the perpendiculars 4C,. Do, to 

FP, and FM, FL, to the directions; it appears, from ſimilar tri- 


| ..DP x FL VAN 7 = 2 


. pip! becauſe DP « FL. = WA x FM from this propoſition. 


274. Cor. 
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FIG. 
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FIG. 


LXII. 


If - FIWM, e the radius to be given. 


EE V., E kY 
27 Cor. 4. If the directions of Hand M acting upen the 

arms of a ſtinight lever, — — — are 
therefore inverſely as theif diſtances, or inverſely as 
of any line drawn through F and terminated by 22 directions 
(273). This follows — from the propoſition, becauſe the di- 
ſtances, or the ſegnients of any right line on each fide of I and 
terminated by their irefitons are in this pow * gd _ 
pendiculars tet fall from" P . their directions. 


* . dene 8 * g 
E 18 , : 5 
A of \o "1 ! * 63-531 443.4 . tl VS 4 4: 
* 3 * 


276. Cor. 3. The velocity of any point a in a freight, or 
curved lever, varies as its rectilineal diſtance from the center of 
motion F; for all points deſcribe Gmilat circular arcs, having 
their centers in F. If Pand ud upon the ſame right line, and 
their directions be perpendicular, dor anclined in the ſame angle, 
to their rectilineal diftances, their velocities will be as. thoſe di- 
ſtances, being meaſured by the baſes of ſimilar triangles which are 
deſcribed in the ſame time: their velocities are rw rg to each 


other inverſely as the oppoſite parts of P and Y (273). 


277. Cor. 4. If a lever be moveable about an axis AB, or fixed 
to an axis which is moveable about two centers A and B, and 
perpendiculars PF, V, be drawn to this axis from P and V, to 
which their directions are perpendicular and in the ſame plane, an 
equilibrium obtains when P: * Sy as e ene 
Kaan from the axis. | 


278. Cor. 5. There will be an equilibrium upon the lever when 
P x FP x fin. £ FPL (or the angle which P's direction makes with 


FP) is equal to x Flix ſin. F (or the angle which es direc- 


tion makes with BW, for = W:: FM: FL: 5 es * = — 


BE x ſin. 2 PPL 
rad. 


; and Px PP x fin. FE W x PIV x fin. 


| 279. Cos 


L. EAI VV EAR Ii 


279. Cor. f. The wtenfities, or moments of any powers. A, B, 
8 bea: Wheſe directions are parallel. vary us their magnitudes. 
multi plied into cher diftances from the center af motion; for let 
9, R, S, &c. acting at the ſame point E; in dtections parallel to 
thoſe of 4, B, C, &c. be in equilibrio with them reſpectively, or 


(Cox. 2.) let Ax AH =Qx EF BBF Rx EF, Cx F 
$ x EF, &c; and the efficacy of A, B, C, Ke. to make the lever 


revolve, or Ae power — againſt them at E, is evi- 


aa +, &c. or 48 
their equi 25 F #F+ Bx BF+CxCF, &c. 


N oc FC 


280. Cor. 7. The interifities or moments of A; B, 0. ec. the 
ſines of whoſe directions with their rectilineal diſtances to the ſame 
radius are 3, , , £, Kc. reſpectively, will be as. 3 * ax A Bx 

ſame point E, 
in the ſame direction, the ſine of whoſe inclination to E 3 
R . ER * Ar CAR 


BF CF x . &. for if Q, R. S act at t 


a, 


and be in eguilibrio With them, 


x a+Bx BFxb+Cx CF x7 Kc. (878 NE 


281, Cor. 8. If more than two. > POPs act upon a lever, there 
will' be an equilibrium when the ſum of the fi roducts ariſi ing from 
al 


184433 


deen dhe e eb into the, p PSrpe! Hens di 


from the center of motion; or, it their direction; be parallel and 
from, E, on one fide, is equal to 


3 raight, into its diſtance; 
the ſum of the products on the other ide. Whatever be the form 


of the lever, the value of the perpendicular may be ſubſtiſtituted 
for it, and an equilibrium phtains when the ſums of the e | 


— TD e 1 1 WET: 


ken TTY As . . 75 
4+ 


282. Cor. 9. Becauſe 4 ts of Fund Wis is Ka to 
whatever part of their direction they are applied, a bended or. 


ourved . lever may be reduced to a ſtraight one, making an invaria- 


dle angle with it, and P and may therefore be ie _—_ 


EOS P93 +5) 10333 903 54 1195 


2 Prov. 


FIG. 
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EE, Or, ſubſtituting I 
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FIG. 
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283. Phor. When any number of levers WC, CE, EP; &c. are 
combined together in the ſame direction, the ratio of P.to W. acting in 
the fame plane at their extremities, in parallel directious, and i in e 
1-4 £68 today) BCxDExPP. 


Du. Let the forces 2, R, p. . at the points C, E, 1. is 
directions parallel to thoſe at W. and P, be reſpectively i in J 


brio with W. 9, R, and n (274) W.: N BC:WB 
| .: R:: DE: 


RX: P:: FP: EF,; 


and, by "GIF Wh of ratios, W: * BC * DE * FP: ah x 


CDx EE QED. : 


284. Cor. 1. If P and & act in different directions, and 2 and 


Re. act alſo in any other different directions, and & R, P be re- 


ſpectively in equilibrio with V, Q; RN, perpendiculars, let fall 
from the centers of motion, B, D, F, upon their directions, are 
to be ſubſtituted for the diſtances. 


285. Cor. 2. If any of the forces, i in this and the preceding pro- 
poſition and corollaries, act in different planes, they are to be 
reduced to the ſame plane by reſolving each into two forces, one 


in that plane and the other perpendicular to it, of which the for- 


mer only are effective, 21 are to be uſed 1 in the n DEE, 


ee from F parallel to the direttions of 


P and W which meet in A; P, W, and preſſure upon F (Pr) are to 


each other as the fides and diagonal AB, AC, AF, * the e 


CAB F, reſpectively. 


Dzu. From F. let fall the perpendiculars FL, PM, upon the 
directions of P and V, and the triangles FCM, FL B (having a 


* 2505 in each, and the angles FCM, FB. L, either equal to or 
the 


FIG. LXI. 


— — — — 


— . —— 


— — 


| LEVER | 721 
the ſupplements of CR) are mila; therefore P: Wit FMH FE. 
: PC: FB, and a force, whoſe quantity and direction are AF; i 

aquivalent to P and (18 5), NE. 5. 


* 
Reg 
= 


287, Cor. 1. A power therefore acting at F, whoſe magnitude 
is to P V as A to AB + A, and whoſe directions are FA, 
AD and AO; reſpedinely, will prevent all ten. 


288. Cor. 2. The magnitude of P, W or Pr, is as the fine of 
the angle formed by the directions of the other two; for 
Pr: P.: EA: An:: ſin. of FB A6r BAN: ſin. of Z AFBor FAC; 
Pe: i.: KEA: Ac: : ſin. of 2 FCAor 4CAB: ſin. of, CFAor FAB; 
and W: P:: AC: F:: fin. of C A or KAN: ſin. of æ Alk. 


289. Cor! 3. Any two of theſe fottes, preſſure upon F, P, and , 

are to each other inverſely as the perpendiculars let fall upon their 

directions from any poitit Fin the direction of the third; for Pr: P 
:: ſin; of C FCA or WAH : ſin. of +CAF:: WH: Vl (ſuppoſing 
Hand M to be perpendicular: to the direftions of P and Pr. 
and A to be the radius); and PY: Vi: fin. of FBA or PAK: 
fin, of 4 BAF or BAN: PK: PN, ſuppoſing PK and PN to be 
perpendicular, reſpectively, fo the directibns of and Pr, and 
AP to be the radius, &c. And if the lever be ſtraight and the di- 

rections of P and I parallel, the magnitudes of P, W and Pr, are 
as the diſtances of the other two, the perpendiculars then becom- 
ing the diſtances. „ 1 


296. Cor. 4. If the extremities of the perpendiculars FL, FM. 
be: joined by a right line LM. Pr, P and - ate to each other re- 
ſpectively as LM. FM and FL, for this triangle is ſimilar to FAB, 
as eafily appears by- deſeribing a circle upon FA as a diameter. 


4 ” ” 


4 291. Prop, 
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f 4 1 291. PROP. The diſtance from F, quantity and fireftion, of any ti 

il | | farces Qand R acting upon a ſtraigbt lever in the ſame plane, being 

1 given, to find the 1 direction and di * of a force equivalent 

| | to them. 
| 


Let the directions of Q and R meet in 4, and taking AB: AD 
: A: R, and completing the parallelogram, the diagonal AE is 
ii the magnitude and direction of a force equivalent to them (185). 
5 But AR and the angles 4 AR, AR being given, A AR, and 
the angle AR may be found; and AB, AD, and the angle 
BAD being known, AE, the magnitude of the combined force, 
and the angle BAE may be found; and 24, and the angles 
AJA, AN being found, the angle ot or ien of AN, 
to FN and W. are known. Q. E. J. 


1 FIG. 292. Cor. 1. If any number of forces N R. S in the ſame plane, 

? N LXVUL. whoſe magnitudes and directions are A B, AC, ER, act upon the 

i | lever FV, and be in equilibrio with any other forces 7, V, W, 
whoſe quantities and directions are H&G, HI, LN, they may be 
reduced to two which are in equilibrio; for AB. and AC are equi- 
valent to AD, and taking EF equal to AD, EFand ER are equi- 

valent to EQ; and in the ſame manner HG, HI, LN are equivalent 

to LP, which is in equilibrio with Eg, becauſe the lever is at reſt. 
And the directions, and diſtances from F. of LP and ER 8 are 
found as in the propolition. | | 


1 | FIG, 293. Cor. 2. Any number of forces in the ſame plane, whoſe 
| LXIX. magnitudes and directions are AB, AC, EX, HG, HI, LN, may 
be reduced to one, which is equal to the preſſure upon the fulcrum; 
for, ſuppoſing the forces EQ, and LP, reſulting from the other 
forces combined, to. act at their interſection &, a third force equi- 
valent to them, and conſequently to the preſſure upon F, muſt paſs 
through 5 (185), and, taking SU, SY, reſpectively equal to Eg, 
LP, and completing the parallelogram, SY will be its magnitude 
[18 and direction. 


294, Cor. 


ILE V E N 

294. Cor. 3. If any number of forces, whoſe quantities and di- 
rections are given, act upon a lever, the poſition of a fulcrum, 
about which they will be in equilibrio, and the quantity and di- 
rection of preſſure upon it, may be found; for, let the directions 
of Q and R meet in A, and taking AB: AC:: L: R, and, com- 
pleting the parallelogram, its diagonal AD produced, will cut the 
lever in a point, which being ſupported, Land R will be in 
equilibrio (286); and combining AD with &, and the force, re- 
ſulting from theſe, with another, &c. the diagonal will always 
interſect the lever in a point F, about which they will be in equi- 
librio. 1 . | | IX 218 


295. LEMMA. F right lines be drawn from any point P to the ex- 
rremities of the diagonal, and fides, of the parallelogram AB CD, the 
triangle PAC, having the diagonal for its baſe, is equal to the differ- 
ence, or ſum of the triangles PAB, PAD, having the fides for their 
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FIG. 
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FIG. 


baſes, according as P is fituated between the lines forming the angle 


BAD, or thoſe which form its ſupplement to two right angles. 


DRM. CASE I. Let P be ſituated between the lines forming the 


angle BAD; and, drawing Pu n perpendicular to AB or CD, the 

triangle APC ADPC— ADP; but ADPC= ADC + 
Po mn £7 i Ra Gi. 

DPC= AB x — + DC x — = AB x — = APB; there- 


fore APC=APB— APD. 


Cas E II. Let P be placed between the lmes forming the fup- 
plemental angle to BAD, and the triangles A DC DPC = 
— x mn = Pn (PH) = ABP; and, adding APD to both, 
APH ABP ADP. QE. D. 5 _ 


2 296. Cor. 


FIG. 
LXXI. 
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L E v. E: R. 
296. Cor. 2. If P be in one of the ſides containing the angle 


BAD, the triangle APC = ADC e >= =, * nn EF Pu 
(Pm) = = . | | N 


297. Cor: 2. If P be in the 1 the a PAB. IA AD 
PA Pm 


2 BPC = = BCx == CCN PAD. The 


upper fign 1 is to be 200 when * is without the dure, the lower | 


when it 1s within. 


298. Cor. 3. If perpendiculars be drawn from P to the diago= 


| nal and ſides, Pd, Pm, Pg; ACx Pd=ABx Pm== AD x Pg; 


FIG. 


and when P is in the gona AC, AB x Pq = 4D x Pm. 


299. Pro. If there be any number of forces R 8, T, in the 


LXXIV. Same plane, which are combined as before, the ſums of the produtts 55 


ariſing from multi plying each into the perpendicular diſtance of its di- 
rection from any point F, in the e done! CL, are Fes on each fide 


4 it. 


Dx. Let CD, CG, C E. CK be the relative magnitudes of 2, 
R, &, T, reſpectively, and compounding them, and drawing per- 
pendiculars, from any point F in the laſt diagonal, upon their di- 
rections, viz. Fa, Fb, Fc, Fd, Fg, F; from the preceding lemma, 


CKxFh=CIxFg=CEx Fc —CHx Fd Dx Fa + CG 


x Fb CH Fd, and conſequently CK or T* * CH or * 


Fd = l Fa ＋ C or R FU. QE. PD 


300. Cor. A lever tors paſling n any point FT in 
the diagonal LC, produced in any direction, and in the ſame plane 
with the forces which act upon it, will be in equilibrio. 


301. LEMMA. 


L. EA V ER 
got LMNHA. M a Higlo line PW rewlve round a fixed point F, 
and lines are drawn from its extremitiesitu anther fixed point Qs to 
which perpendiculars FL, FM, and Fl, Fm are drawn from F, and W 
7s Juppeed. to _ F L bas 40 F M. 4 greater ratio than Fl; F m. 


* 


Dau. Tale Py re , eee this popes 
79 JS; FL: rv:: fin, C FM: fin. r Pv:: PQ; V rv: FM 
: Pr (FV): FP, and comp. FL: FM:: PFE: VA FP. 

a ſimilar } procefs, Fm: ÞF!::w2x FP: þ2x FW, and adding 
theſe logics together, PL x Pn: FM x Pips FIW x w2 x 
FP: M & FPxp2 x Fl: Pr w2:W2 xp2; Bot PS is 
greater than'Þ2, and e than Wand conſequentiy PN x w 
is greater than VA and FL N 'Prrthan FHN FI, and the 
ratio of FL: TO 18 meer? than that of F/: Fm. Q. E.D. 


305 02. Pro op. 7. a . taub powers P art 7 whoſe diveBtions 55 | 


meet in the ſame point Q be in eguilibrio upon "the lever PW in any mb 
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FIG. 


LXXV. 


poſition of PW, they cannot be in * whew 8 it is in any other 


POS. | 40 OO HD be FAQ 36 


Dx. Let the lever revolve, and be! in any other union en 
and becauſe P; W: ; FL: Fl, or in a Sreafer ratio 9 . N Fun 
(301) P will 5 QE. IAN. * N bo 1697 nedt a. 


— 


303. Cor. 1. It is evident that the leyer cannot reſt till it pat 
| rough games RE” 


f * « Y* 4% * * , 2 1 ; 
: 72 47 +" - +> . «> \ $3 \\ 3d * 90 


304. Cor. 2. = the Kreftions of P and I be « pine to Oy 
other, they will be in equilibrio in any poſition of the lever, be- 
eauſe the perpendiculars drawn from F. to their directidns are al- 


ways as the diſtances, and conſequently in a given ratio to each 


ther. And, for the fame: reaſon, if chere he ever ſo many fortes, 


—_ in Parallel directions upon che urmt * «ſtraight lever, 
| and 


Us _ — —— — ER — 
S . — en NE R—_—_ 
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wy LI EL VV EA N 
aand in equilibrio/ in any one ſituation of the lever, 8 ill SN in 
anne! in _— ſituation and Mo n wo wh ara nt 

FIG. 305. PROP. . the center of notion F be placed above the fraight 
LXXVI. ever PW, and P and W, acting always in parallel directions, equilibrate 
in any . PW. they. os not 1 in a "_ 8 l 


3 


DEM. From F draw FM and Fm 8 to the lever, 
and P: W:: MM: PM:: uvm: pm, or in a leſs ratio than that of 
Lu: Ly or LV: LR, and conſequently much leſs than that of 
the perpendiculars from the center of motion F en the direc- | 
tions, or MY: MR. RED: 11 ö 4 


306. Cor. 1. 1 P: I in a leſs ratio than that of MY : 
MR, Px MR is leſs "On; W x MES and TRY W will 
deſcend... 


P LATE. 307. Cor. 2. If F be placed. on the other ſide of the Rok the 
F1G. deſcending body will preponderate; for P: W:: WM: PM:: m 
LXXVIL : mp, and conſequently P: F in a greater ratio than that of Lw.: 
| Lp or LY: LR, and therefore much greater than that of the 
perpendiculars upon the direftions or MY V: M R; and Px M Ri is 


greater than that of W x M V. 


FIG. 308. Proy. If P andW af always at the ſame diſtance from the 
LXXVIL ver, in directions parallel to FM, and in equilibrio about F in the 
pofition PFW, and the lever be moved, the de dE 8 will continue 


to preponderate. 


Da. | Let PN, px, r, hu . EC to . 1 | * 
which the bodies act, p2 be the lever, and F n be the poſition 


of FN; and from fimilar As : : 2202p, and therefore 


| Vt: 9s in a greater ratio than e NN or MM; 
„ 
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LE EM. tz 
PL or P to V; but Nr: Ns in a greater ratio than 2 A, and 
conſequently P: M in a leſs ratio than Nr: Ns, and the os W 
will continue to preponderate. 


309. Ce When che bodies are placed under che lever, the de- 
ſcending body will continue to deſcend, becauſe P: & in a leſs 


ratio than Nr: N 5 As ns appears by . the _— 


| 
"4 
1 
| 
1 
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| 
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3 10. In all communications of motion by impact, the quanti- 
ties of motion loſt and gained being equal and oppoſite, the quan- 
tity of motion eſtimated in the ſame direction is invariable, and 
the quantities of matter vary inverſely as the velocities loſt and 
gained; and if two bodies A and B act upon a lever, or any other | 

machine, they are ſo connected that A cannot deſcend without | 
making B aſcend with the ſame quantity of motion, and their | 
quantities of matter are therefore inverſely as each other. Theſe | 
caſes, having ſuch marks of coincidence, are inferred to be fimilar in 9 
every reſpect, and the cauſe of an equilibrium in the mechanical 
powers, is often immediately aſſigned from this equality of mo- if 
menta ; but they are not exactly ſimilar, becauſe when A im- 0 
pinges upon B, ſome part of its motion is transferred to B, and 
A's motion neceſſarily precedes this communication of motion; ä 
but, when they act upon any machine, the deſcending body 4 = | 
cannot be ſaid to communicate any part of its motion to B aſ- | 
cending; becauſe, from their connection, their motion muſt ne- I 
ceſſarily commence and be extinguiſhed together; and beſides, the | ll 
power of the lever ought to be conſidered. The ratio of the power 
and weight may however be aſſigned, in every machine, from their 
incipient momenta ; for P and V, acting upon the arms of a lever, 

_ exert a preſſure and have a tendency to move; and-if'2 and þ be the 
velocities with which A and B ſtrike the lever, eſtimated in ſuch - 
directions that their preſſures are ſolely employed in reſiſting each 
other's efforts to produce motion, no part being loſt by obliquity 


of direction, A x a x into its velocity or diſtance from the centre of 
| motion 


1 E V E. R 


motion is equal to B x 4x intd its velocity or dittantk, vben htte 


is an equilibrium; and by ſubſtituting preſſures or P and V, for 
Axa and Bx b, the ratio of P: Wis found: tp be che fame as was 
before collected from the reſolution of motion. As the velocity of 
any point of a lever varies as its rectilineal diſtance from the cen- 
ter of motion, all points deſcribing fimilar circular arcs round it 
in the fame time, if the directions of P and be perpendicular to 
their rectilineal diſtances, their velocities will be the ſame as thoſe 


of the points where they act and wholly efficient, and when there 
is an equilibrium, P will be to V inverſely as their rectilineal di- 


ſtances. But if the direction of Por he enclined to their recti- 


„ lineal diſtance, their efficient velocity will not be equal'to that of 


the point where they act; if P's direQior/ bei the line PD; it is evi- 


dent that P will have two motions: whilſb the: lever revolves, ore 


acceding to, or receding from, F, aecording as the angle DPF is 
leſs or greater than a right angle, and the other producing the ro- 


tation of the lever; for, deſcribing a circular arc with. as a cen- 


ter, and FD as radius, the power will: act at every intermediate 
point in PE whilſt the lever deſcribes the angle PPD; The' ma- 

tion in the direction of the lever is inefficient, and if PD reprefent 

the direction and quantity of A's velocity, and: be:reſolved/into'twoy 
PC in the direction of PF, and DC perpendicularitoi it, this laſtonly 

18 efficient; and if the angle at F be very ſmall, 4x Dx its perpendi- 
cular velocity or into FD, or o a. 5 ſuppoſing FL to be 
perpendicular to the direction; is A's efficacy to turn the lever. The 
effective part of B's velocity being found in the ſame manner, and 

theſe values of 4 and & being ſubſtituted for them in the ſappoſi- 
tion of an equality of moments; whatever be their directions, the 
ratio of P to Wis the ſame as that diſcovered by other principles. 


Thus in an equilibrium 4 & PD x FL 1s given, and conſequently 


Ax PD or the preſſure of Nin the line PD is as _ The de- 


monſtration of this fundamental propoſitien, aſoribed to Archi- 
medes, depends upon this princi ple, that if a number of weights 


be ſuſpended upon the arms of a lever, at points equidiſtant from 


FRE other, whether on the ſame ſido of. the fuleram or not; their 
efficacy 


— 
— 
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efficacy to make the lever revolve is the ſame as if they were 
united in à point piſecting the diſtance of the points of ſuſpen- 
ſion. Mre Huygens fays; that many fruitleſs attempts have been 
made to remedy the defects of this demonſtration, and propoſes 


another founded on this principle, that when two equal bodies are 


placed upon the arms of a lever, that which is moſt remote from 
the fulcrum will! preponderate. But this principle is not more 
evident than that of Archidemes, and beſides, his proceſs is pro- 
lix and tireſome. Mr. Maclaurin hath given à demdnſtration of 
this propoſition when the arms of the lever are: commenſurate; 
and his method might eaſily. be extended to caſes in which they 


129 


are incommenſurate, and be made: general; but this would add to 


the length of a proceſs already very long. The only principle in 
Sir I. Newton's demonſtratioh tha 

this, which is taken for granted, © that the ſame power will have 
the ſame effect to whatever point of the direction, in which it acks, 


it be applied; yet no doubts. are entertained of the! truth 


t hath been controverted is 


of it, though, perhaps, from its ſimplicity and intuitive evidence, 


it cannot be demonſtrated by more ſimple principles. If the line 
PC arid the angle PVC be inbariable the radii- FF; CF being fix- 
ed to PC at the points P and C, ãt. is evident, that tua equal forces 
P and 2, àcting upon the points P and & in the directions PG 
and CP, will deſtroy each other, and the line PC, and conſe- 
. quently PF and CF, will be quieſcent. If therefore P make a 
body deſcribe the arc Vu in any ſmall time; 2 will: make it de- 
ſcribe wH in the ſame time, or they would not deſtroy each other's 


PLATE 
VII. 
1. 
LIX. 


effects. Equal forces therefore P and & aging at different points 


of the ſame direction, in the ſame time make the radii PF, CF 
deſcribe angles at F, Fp and CPc equal to V Fu, and : there- 
fore to each other. Though this demonſtration of Newton be 
general, conciſe, and perfectly ſatisfactory, the great utility of the 
propoſition may poſſibly remder other demonſtrations of it not un- 


deſerving of attention. dee nean Ra CLA OA AAN ea 14 25 
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| DEMONSTRATION con ke mmxDEs. | 


ef 


TILL 


Fro, Let A B be a bee le. _ C "A dich. of i its 
LXXX. axis, and it is evident, that if a fulcrum, or power equal and op- 
polite to the preſſure upon it, be applied at C, the parts AC and 

CB will be in equilibrio. Let any point D be taken, and, biſect- 

ing A/D in E, and DB in F. it is clear that two, powers, reſpec - 

tively equal to the weights of A D and D, applied at E and F; 

will ſupport them, and have the ſame effect with the fulcrum, or 
power, applied at C, and be in n — E: but CE CA 
LL8—=@®O 225 Pn. 


pn 


= .4D, and . CB: cr. DB 4 D :: : force « apple 

at P: force an at E. K. x = 1401 T 

| | | 1 5 SON 1 4 

FIG, 311. LEMMA. 7 from any * P, in the. diagonal of a purallelo- 

LXXXI. gram, ABCD, two lines Pm and Pq,. be drawn perpendicular to rhe 
Jeng tbe Perpend culars and * are e as noch ny. 1 55116 


Dax. Draw CE, CE, denier to the ſides, and, from: f. 
milar triangles, P/9: CF :: AP: AC:: PM: CE; therefore Pg: 
Pm::CF:CE::CD (AB): CB (AD) (ſim. winbgles). Or, this 
follows from (298), where it is proved, that AB x Pm = AD x 


Pg, F RO Ws Pm: P:: AD: AB. QB. D. 


Fig. 312. PROP. F any three "FH W. p, 2 whoſe magnitude and 
- LXXXIL Jireftions are AB, AC, AD, act upon the lever WP, which is at reſt, 
W #s to P inverſely as the perpendiculars let fall from F upon ibein 


directions. 


DEM. 
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DRM. The directions of theſe forces muſt be in the ſame plane, 
and meet in the ſame point, (216), and are reſpectively as the ſides 
and diag gonal of a parallelogram parallel to their directions; and : 
P: AB: AC (196) :: EL: FM(3 11). The effect will evidently be the 
ſame when : a fulcrum is applied at F inſtead of the force Z. QE. D. 


| *Dr.Hamilton' 8 an of this propoſition depends upon p16.' 
the ſame principle with the above. Let the forces V, P, Z, act LXXXIL 
upon the inflexible line WP at the Doints V, P, F, and let the 
directions of P and M meet in C, and the direction of a force Z, 
equivalent to them, muſt paſs through C. Therefore P, V 25 805 | 
are to each other as the ſides and diagonal of a parallelogram | | 
reſpectively parallel to their directions, FA, FB, FC, and 1 P:: | 
AC: BC:: fin. AFC (FCB) :: fin. AACE:: BM: FE. 
W: Z:: AC: F:: ſin. FCB: fin. C FBC or BCA: PN: PN 
ſuppoſing P Land PN to be perpendicular to the directions of Z | 
and V. E: | | 

P: Z:: EA: ci: ſin. FCA fn. E For ACB: :FG:WR, | 
ſuppoſing V and w R to be ppm to the difetions of 
Z and P. F - 
The parts of Y ad P, which a in 23 cc oppoſite FIG. 

to thoſe of Z, are found by reſolving AC and QA (BC) into two —_— 
forces, one parallel to the right line joining V, P, as Am and Bu, 
and the other parallel to FC as Qn, Qn. The oppoſite parts Am, 
Bn, are equal and deſtroy each other, and the conſpiring parts | — 
Am + 27 muſt be equal to Z; and conſequently when two forces | i 
IW and P are in equilibrio with a third force Z, and their direc- ; 
tions are all parallel, | s a | 

J: P:: : CA.: PB: BC: PA: ;, | 

W.: Z:: CM: M:: Ca: M :: P: PW, and 


P: E Cc wit | 


+B TL x N 8 5 
313. DEF. The ancient balance, commonly called the 1 romana, p I. ar - 
or hard 15 is 4 4 lever we = fiſt ou Arp a "08 N F, * . 
dvwear LXXXV. 


0 Effe on the . of 3 + Helſham, Lea. VI. Muſchenb. Ch. VIII. 
gc LXXXIII. Deſaguliers, pag. 95. 
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FIG. 


Ig e 
| = F Ts and content W= EPs x 1 * aq . 


B. A IC AT NTe AROMA 


near one extremity; about- which the bruchiu FR FN gu. baue. 
On one ſide of F at the extremity A, an unt hoi wetght; W, is, pen. 
ed, and on the other fide a known weight," Pil is ' nogeable lupon the ar mM 
FN, which is divided into parts equal to FR, each 19 70 ee is 4 ys 125 
vided into 10, 100, &c. equal parts. 


314. Cor. If P WW at , the car dir from 0 ich d the 
7 diviſion from F, when an equil rium obtain Tl between i it and 


W, and IX. be divided into m equal parts, the weight of J of 1. will be 
equal to Print , 23 forW: P: Fe: Eateßb eee 412 Fd. 


1. 1) 1 293 _ 4 OED | 10 1438 
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315. | Dae. The common, or "modern, balance, ora py of 100, 15 


7 J: 


LXXXVI. a. lever pf the ſirſi kind, as AB, ſupported; at its luſection F: to the ex- 


 tremities A and B are. ſu uſpenged | bafins or. ſoales, and the brachia and 
08 on each fu ET al are Try 70 * G Qt 
ergo yt eiii f! 85 in A D783 w 7245. „ 
3 16. POLY * If any TASK Wr p, placed ir in one falls equi- 
ponderate 1 with one unknown, V, placed in the other, the weight 
of I is known, being equal, to that . P; or P: Me: : AF: BF 
(274) 8 by and  conſeqnrnyy F Pn . 


117 8 . "y 14 
— . : d «4 4 4 1032» ZN 3 1 


317. Cor. 2. A balance, whoſe. arms are e unequal in length, Is 
fallacious ; for if AF and BP be unequal, P and V, when in 
equilibrio, cannot be equal, for W = 2 But the relation of 


BF: AF being Te? + 18 alſo known. 


- LT 


10.0 "i 3. if: a man, - whoſe a is equal to 15 Ganding 
in one pode and in equilibrio with P placed 1 in 0 s other, myo 
117. ee e e e eig min the 


B ems * — 
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the beam uptvards in D with. a force equal to & the diminution 
of „. moment is equal to & FD ; —— becauſe the! reaction at 


the ſcale is equal to the encreaſe of Vis moment is equal to 
FA. and conſequently: will deſcend with a force equal to 


AD. If the preſſure be upwards at E, W will deſcend with a 


force, reſulting from this preſſure, equal to 2.x EF, and, from 
the reaction, with a force equal to Q x FA; and therefore the 
| whole force of deſcent is equal to C EA. When the preſſure 
is downwards at D, the encreaſe of Vs moment is equal to Q x 
FD, and the diminution of its moment Nx FA, and, conſe- 
quently, V will aſcend, with a. force equal to W x DA. If the preſ- 
ſure be downwardsat E, the diminution of W's moment, or encreaſe 
of P. s. moment, is equal to 2 x. EF, and a part, 2, of W's weight 
being transferred to E, the diminution ob] its moment, on that ac- 
count, is equal to A FA; and conſequently the whole diminution 
of Weis moment, or force of P's aſcent is 5 equal to X R 


"Ter 


319. 8 to If the A bg” motion 2 be ; in the right. 


joining the centers of ſuſpenſion, the equilibrium oſ equal weights 
P and W will obtain in every poſition; the perpendiculars let fall 
from C upon the directions being always equal to each other. But 
when C is above or below P, an equilibrium of equal weights 
does not obtain, unleſs P coincide, with the horizontal- line AB, 
When P coincides with AB, the perpendiculars let fall from 6 
upon the directions of V and P are equal to GB and GA, CG 
being perpendicular to AB; but when the balance is in any other 
poſition VP, the perpendicular CT1s greater than CH, becauſe g L, 
which is leſs than CI, is equal to g M., which is greater than CE 
I will deſcend and continue to vibrate till its motion be r 
by friction. This * is alſo + eee, from 50 30 wo 


* 
1 1 * 4 


| 320. Cor. [ If P and 17. be unequal, and 2 ey in DL 9 _ 
p, the heavier of them will deſcend. till V be perpendicular 
to the horizon, or, if the center of motion be not in VP, till Px 
CH = = . x CI, 


321 Cor. 
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FIG. 


LXXXVI. 


FIG. 
LXXXVIII. 


B A L. A“. NI & R. 

327. Cor. 6. In a balance vhoſe arms are unequal, the weight 
of WW may be ftill aſcertained ; for let V., ſuſpended at A, be in 
equilibrio with a known weight 2; ſuſpended at B, and WX FA 
=2 x FB, and, ſuſpended at B, let it be in equilibrio with a known 
weight R ſuſpended at A, and Fx FB = Rx FA; conſequently, 


by multiplying theſe equations together, M x FA x EB = KX x 


R x FA x FB, and 5 EL 


322, *Cor, 7. If the bin of the balance be e ſuppoſed to have 
weight and be fimilar and homogeneous in every part, its. center 
of gravity is in the biſection P; but if it be not homogeneous, or 
the center of motion be not in the biſection, let & be its center of 
gravity, and an equilibrium will obtain when P x PF + B 


(weight of the eee) * — agg X * 


323. Cor. 8. If From F, a ſtyle FD, perpendicular to FP, be 
raiſed, the equilibrium of the balance will be affected by it, except 


it be in an horizontal ſituation, the moment of the ſtyle being 


meaſured by its weight multiplied into the diſtance of its center 


of gravity from the line FH, per pendicular to the horizon. But 


the equilibrium 1s reſtored by continuing the ſtyle to the other 
fide of E, ſo that the moments on each fide my be equal and 


oppolite. 


324. Cor. 9. If the center of gravity of the balance, ſcales, and 
weights, be in the center of motion, F, an equilibrium obtains in 
every poſition of the balance; but if this center be above or be- 
low F, the balance cannot be quieſcent till the right line joining 
F and this center be perpendicular to the horizon. The beſt po- 


' ſition therefore of the center of gravity is below F, and as little 


below it as poſſible, that the arcs deſcribed by it, during its vibra- 
tions, may be ſmall and ſoon deſcribed. The points of ſuſpenſion 
| ſhould 


© Thoſe corollaries may be omitted till the chapter upon the center of gravity be read. 


f * B A L A N | C E. 1 | 135. 
ſhould be in the ſame right line with the center of motion, which 
ought accurately to biſect their diſtance (317). 

F | 


325. Cor. 1o. The arms of the balance ſhould be as long as 
can be uſed conveniently; . becauſe the moment of a given body 
varies as its diſtance from the fulcrum, and, therefore, the greater 
the diſtance, the more diſtinguiſhable will be the moment ariſing 
from any ſmall difference between P and V. And to diſtinguiſh 
very minute differences of weight, the friction upon the axis, in 
the motion of the beam and ſcales, ought to be as little as 
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326. ber. WHEEL RY axis or axis in  peritrachio, is is a na-: 
| chine compoſed of a circular wheel, in whoſe center 
IXI ix. 4 cylindrical axis is inſerted and fixed; and the wheel revolving by 
the action of a power P, the axis, whoſe extremities are ſupported, re- 
volves with it, and the rope, to which a body W is * is tied to 

the axis and wrapped round it during its motion. 


327. Cor. It is evident that every point of the axis B, G, &c. 
deſcribes a circle round its correſponding center y, 2, &c.Hn the 
time of a revolution of the wheel; and that any points M the 
wheel and axis, A and B deſcribe fontlar arcs of circles in the ſame 
time, and, conſequently, their velocities are as the peripheries or 
radi of the circle deſcribed by them, 


* PROP. If the directions of P and W be perpendicular to the 
radii of the wheel and axis ręſpectively, they are in equilibrio when P: 
W :: radius of the axis: radius of the wheel, 


DEM. The ſame power is required to ſupport to whatever 
point of the axis it be applied, becauſe the diſtance from the cor- 
reſponding center of motion is the ſame, and the wheel and axis 
may be reduced to a bent lever, and conſequently there will be an 
| equilibrium when P: V:: M's diſtance from the center of mo- 
| | tion: P's diſtance :: radius of the axis: radius of the wheel (277). 


[f | | Q. E. D. 
| | This 


15 © Keil's Phyſics, Lect. Xx. Helſham, Lect. VII. Muſchenb. Ch . Set, CCCCXLIII. 
|! | Emerſon, Prop. XXIV. Varignon, Tom. I. SeR, IV. 


e lene in nn ee etal 


WHEEL AND. AXIS. = 2 | 
Otherwiſe: Be r J OSDIR = 2 | | 


"This as 18 e 3 dy the following proceſs: 
ſince the directions of P and are perpendicular to their re- 
ſpective diſtances from their centers of motion, they are wholly 
efficient, and P's velocity is to 's velocity as the periphery of the 
wheel to the periphery of the axis, and MI IS when there is 
an equthbraum, P: W:: periphery of the axis : periphery of the 

wheel :: radius of the a axis: radius of * eur N ae D. 


329. Os 1. If the thickneſs of the rope, to which is ap- 
pended; be not inconſiderable, it ought not to be neglected ; for, 
when one or more ſpires of the ropes are folded about the axis, 
the diſtance of V's direction from the center of motion is en- 
creaſed, being equal to the ſemidiameters of the axis and ropes; 
and there is an equilibrium when P: V:: the diſtance of Vs | 
eb from the center of motion : ſemidiameter of the wheel. : | 


— 


00 Ober. 45 If P and 37 act in the ſame plane, and in this FIG. 

directions PD, and VD, meeting in D, and be in equilibrio, they 28 
are equivalent to a third force, or preſſure upon the axis at A, 

whoſe direction meets PD, and D in D (216); and, producing 

PD, VD, theſe three forces are to each other, as the ſides DF, 

DE, and diagonal DG, of the parallelogram EF; therefore P: 

W.: DF: DE, or drawing AN, AM, perpendicular to VD and 

FD e :: AN: i 


| 331; Cor. 3. The preſſure upon the axis at A(Pr): P:: DG: 
DF: : fin. 4 DFG or PDM]: fin. 4 FGD or ADW, Pr: V:: DG 

: DE :: fin. C DEG or PD: ſin. 4 DGE or ADP; and P: V:: 
ſin. AD: fin. £ ADP. When the angle PD is infinitely 
ſmall, or PD and V are parallel, the perpendiculars AN, AM, 
are to each other as AW: PA. 


8 | 332. PROP, 


FIG. 
XCII. 


=. i. 


WHEEL AN P AXIS. 
332. PROP. I @ combination of wheels GH, FK, EL, whoſe axes 


are QM, RN, BD, an equilibrium obtains when P: W:: Ox RC 
x AB: DG x CF x AE. | 


unt Let 9, R, W, be eee in aue with ?; * R; 
P: E:: : DG, (328) 
N 2: RC: FC, 
R: V.: AB: AE, and, componendo, P: N * RC AB 
DG RFC x AE. Q. E. D. 


333. . 1. If the ratios of 2D: DG, CR: CF, AB: A E be 
the ſame, and the number of wheels be z, P: W:: ': Do; and 


if this given ratio be that of 1:7, P: W:: 1: and P. 


334. Cor. 2. If the peripheries M, RN, were to touch the peri- 
pheries FK, EL, and operate upon them by means of teeth made 
in each, this analogy would ſtill obtain, and P would be to as 
the product of the ſemidiameters of the axes, to the product of 
the ſemidiameters of the wheels. As if XY be a combination of 
wheels, and be appended upon the axis T, and the power P 
act at P; P: : : products of the ſemidiameters of the pinions 
B, D, F: product of the ſemidiameters of the wheels A, C, E. 


335. cor. 3. Becauſe the number of teeth i in the wheels and 
pinions are to each other as their peripheries, or radi, P: W:: 
ſemidiameter of the axis to which 1s appended multiplied into 
the number of teeth in the pinions: the length of the lever where 
P acts multiplied into the number of teeth in the ſeveral wheels. 


336. Cor. 4. The number of revolutions of a pinion or wheel 
being inverſely as the time of one revolution, or inverſely as the 


3 or number of teeth in it, the number of revolutions of 
e he 


WHEEL AND AXIS. 
the wheel where P acts, is to the number of revolutions, in the 


fame time, of the axis to which # is appended, as the product of 


the number of teeth in the wheels to the product of the number 
of teeth in the pinions. h 


337. PRor. Fa wheel with teeth CD A revolve about C, and 
Fmpel the coheel 8 B A round with it, by the action of teeth B P, b d, 
Sc. upon B and b, whoſe curvature is fuch that B, b, deſcribe the lines 
BD, bd, whilft they deſeribe BA and bA NES 1 moments of 


theſe wheels are equal. 


| DEM. Becauſe the "TG B and De come into contact at A. 


at the ſame time, every part of BA is applied to AD, and is there- 


fore equal to it, and conſequently B and D move towards it with 
equal velocities; and therefore if e 7 1 weights act at B and D 
perpendicular to S B, CD, they muſt be in equilibrio. QE. D. 


338. Cor. 1. If CD be a bent lever whoſe fulcrum is at C, 
equal forces, acting at D and B in directions perpendicular to 
CD, &. B, would keep the levers C DAB and S B in * 


339. Cor. 2. Becauſe the i B moves over BD whilſt the 
arc BA rolls over DA, the figure of the tooth Bn D is an epicy- 
cloidal arc; and the effect is the ſame whether B deſcribe the con- 
cave or convex ſide of Bn D, and conſequently whether the wheel 
CDA impel S BA by the action of the convex ſide of the tooth 
upon B; or S BA impel CDA round with it by the action of B 
upon the concave ſide of the tooth B x D. 


340. 1 3. If any number of epicycloidal teeth DB, db and 
Aa, be inſerted in the periphery AD, at equal diſtances from 
each other, and teeth P, 5, 4, be inſerted in the other wheel AB, 


at- oquel diſtances, and Ab = Ad, and AB= AD, the teeth 
2-2 B, , A, 


| 


39 
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B, B, A. will all act together with equal moments; for becauſe 
Ab = Bb, the velocities and conſequently moments of B and 3 
are equal, and they act together, becauſe is always found in 5 
and Bin BAD. 


341. Cor. 4. The effect is the ſame when the epicycloidal teeth 
are upon the periphery of the wheel SBA; for, whilſt B and D 
move to 4, B deſcribes the epicycloid B 1D, and D deſcribes 

another epicycloid D m . whoſe baſe is BA. | 


SCHOLIUM. 


342. The teeth ſhould not act upon each other before they ar- 
rive at SC, joining their centers, and the machine is more or Z ls 
complete according to the number of teeth acting together. The 
action of any tooth ſhould not ceaſe before __ of the 1 e 


| tooth begins. 


PULLEY 


FIG. 343. DEF. 4 pulley, is a ſmall circular wheel,, as m En, * 
Kc. ing about an axis paſſing through its center, by the action of a power 


which is applied to a rope paſſing _ the whe 


= 44. PROP, I a 1 fixed pulley, an equil Brin 4 1 when the 
power P, is . ta the _ W. „ 


Pe 
oY % 
* . ' s 
- * 


DEM. When a rope is ſtretched and quieſcent, it is evident 
that the tenſion of every part is the ſame, otherwiſe motion would 
enſue; therefore the tenſion of Pm is * to "wm of W n and 


P =). QED. 


SCHO- 


| * . Ch. VIII. Sea. CCCCXCIV. Varignon, Tom. I. Se&. III. Keie 
ö Phyfics, Let. X. Helſham, LeQ, VII. Hamilton's Principles of Mechanics, pag. 162. 
f t — Prop. XXVII. Deſaguliers, pag. 99. 
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345. This 3 is ſometimes proved by conſidering the 


pulley as a lever; for the moments of P and being the ſame to 
whatever parts of their directions they are applied, but, if ap- 
plied at m and u, mE # is a ſtraight lever whoſe center of motion, 
E, is in its biſection, and conſequently when there is an equili- 
brium P = (274). And the concluſion thus deduced is cops! 


_—_ TOY without _ n demanſtration. 


4; 


ac i I, If the: * 9 wot over any a of Ghia. 


pulleys, P is equal to when there is an equilibrium, becauſe 
the tenſion of the rope is, in every part, the ſame. 


347. PROP, If the old W. " be jubained Fs a. e P, anne 
to @ rope paſſing over a moveable pulley E, Þ W535 U ach rw. 


123 22 
„ 2 So 
4 
* a" FJ}? ** 
4 


DEM. Let the tenſion of the rope PA= m, and that of BC, 


and DF, is each equal to m, and conſequently the tenſion * 0 


3 
7 $A 9 8 ? {2} 


18 e to n therefore Frs Mit: m: am: 1:2. I} — 


= Ep 


1 


2 Gore I W * 1 hy P, r to a a rope 1 
over any number of moveable pulleys (2), P: W:: 1 2153 for the 
number of ropes ſupporting the weight is equal to 2 2, each ſup- 
ports an equal part of it, and the tenſion of the rope, to which 
P is applied, is equal to that of one of them. 


349. Cor. 2. If W be e by P, applied to à rope paſſing 
over each pulley in two blocks, to the lower of which V is ap- 
pended; P: W:: 1: number of ropes at the lower block. For all 
the ropes 4, B, C, P, E, ſupport V, and each ſupports an equal 


art, becauſe their tenſion is the ſame, and the tenſion of each 1 is 


equal to that of F to which P is applied. 
| 350. Cor. 


11 


FIG: 
XCVL 


FIG. 
XCVII. 
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350. Cor 3. If a moveable * T, be annexed to this ſyſtem, 
P will ſupport a weight, e EP 2 * M; for the tenſions of the 
ropes & and H are equal and they both OO the 2 | 
which is eee rid to 2 * H. | 


0 
3 Fr. Cor: OY 151 is Ae dest that ae ment or duan- 
tity of motion by this diſtribution of the weight amongſt a num- 
ber of pulleys; for the velocity of P is to that of 7 as the num 
ber of ropes, ſupporting the weight, to unity. If V be elevated 1 
through any ſpace equal to 5s, any point in each of the ropes 4 
ſupporting it, muſt move through a ſpace equal to s, and P 
conſequently through a __ 27 to Wk ho into _ num- 
ber ae! wg os 


FIG. 9352. PROP. 1f the 0 W be ſupported by the power P, in a 4 em 4 
XCVIH. ompeſed of one fixed, and any number of moveable pulleys, each baving 4 
4᷑ ſeparate firing, P: W: ——B—B the. cond j 
number 22 moveable pulleys. i 


DEM. Let the tenſion of the ſtring. to which P is 0 be 
equal to u, and the tenſion of A and B is each equal to m;. 
that of C and D is each equal to 2m; that of E and F is each 

equal to 4m; and that of GH to 8m; therefore P: V:: n: Cm 1 

: 8; and, if the number of moveable pulleys be equal to », it is 
evident that the tenſion of the ſtring ſupporting 7 is equal to the 
ni term of the geometric ſeries 2, +4 8, &c. or to 2” and P: Wi 22 


1:2. Q. E. D. 


3353 · Cor. 1. Px2= I and p 25 and if the number of 


moveable pulleys and P or / be given, the number of moveable 
70 th or u, may be found. | | 


354. Cor, 


F IG. XCIV. 


FIG. XCVI.. > 
* 
7 
FIG. XCVI. FIG. Ic. 
F B 4 19 
: P 
c C1 P 


U n SY. 43 
354. Cor. 2. The parts of V, ſuſtained by the ſeveral move= 
able pulleys, &c. are to each other as 2, 4, 8, 16, &c. 


355. ProP. I the body, W, be ſuftained by the pvtber, P, in @ FIG: | 
lien of pulleys where the rope paſſing over each pulley is immediately e. 
Fixed to W, P: W:: unity: that power of two, diminiſhed by unity, 
whoſe exponent is the number of ropes, or number of moveable pulleys en- | | 


DRM. Let the tenſion of the rope, to which P is applied, 
be equal to m, and it is evident that the tenſions of the ropes G, 

B, D, F, are equal to n, 2m, an, 8m, reſpectively; but theſe ropes 
entirely ſupport V, and conſequently P: V:: n: ITZ T4A＋8 
*:: 1: 15. If the number of ropes fixed to be equal to u, it 
is evident that P: V:: 1: 1＋ 2744 78, &c. continued to 2 
terms:: 1: 2. — 1. Q. E. D. I: 


356. Cor. r. PEN nd e and if any two 
of theſe magnitudes P. V or n, be given, the other may be found. 


2 57. Cor. 2. m, 2m, 4 m, 8 m, &c. expreſs the ratio of the parts 
of W reſpectively, ſupported by G, B, D, F, &c. 5 


358. Cor. 3. If the rope, to which P is applied, inſtead of be- FIG. 
ing fixed to V paſs over a pulley to which V is appended, P: M © 
:: 4m :: 1: 43 for W 1s ſupported by the ropes E, G, F, whoſe 
tenſions, compared with that to which P is applied, are reſpec- 
tively equal to , 2 1, n, and the ſum of their tenfions == 4 m. 


sc Ho- 
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FIG, 


Cl. 


FIG. 
CII. 
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359. When the directions of the ropes P A, QB, to which two 
powers Q. and P are applied, and the direction in which M. acts, 


are parallel to each other, as is ſuppoſed i in the preceding propo- 


ſitions, it is evident that I is exactly, equal. to.P +2, hecauſe 

they. juſt ſupport. it, and their force is all effective, no part being 
loſt by obliquity of direction. This alſo appears by conſidering BCA 
to be a lever, for (287) V: P :: CB CA: AB, and con- 


ſequently P + 2= WW and PF wr: = But if the direction in 


which P acts be changed to 2.4 1 the pulley i in D, mo- 
tion will enſue, parallel to the horizon, as P acts partly in that 
direction, and the quantity and direction of 2 muſt be changed 


to reſtore the equilibrium. It is evident that the pulley cannot be 


at reſt, till the horizontal parts of the forces P and Q be equal to 
each other, and the parts contributing to the ſupport of V be each 


equal to 4 This is alſo obvious from (216); for the pulley BCA 


is acted upon by three forces, whoſe directions are not paral- 


Hel; and is quieſcent; and theſe. forces are therefore in the ſame 


plane, their directions meet in. the ſame point D, and are conſe- 


quently equally inclined to the direction of V, or to the Rene, 


tal line BA. 


. or. 77 w be © ſupported Hig 5200 hides P and 3 di- 
rections touch the pulley in A and B, W: Por Q:: fin. C contained 
between F A Hg we fin. of 5 uf that "ous 


: Di Becauſe the pulley 1s ated upon by three forces P, Q., 


and kept at reſt, and their directions are perpendicular to the ſides 
of the triangle CBA, V: P:: BA: CA., and V: Q.: BA: CB; 
therefore V: P or Q:: fin. C BCA or its ſupplement to two 


right angles BD A: fin. C BDC (equal to the 4. C BA « or CAB). 


QE.D. 
361. Cor, 


— —_—_—————_—_——e— ———_ ee —— — 


— a ——_——_ er tre ns cn nr; 
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361. Cor. 1. Becauſe. P: W:: . * N 9-8 
5 therefore P + LM: en Bd. 2 251948 


166 Cor. 2. If A be an arc of 60 degrees, or the angle ADB 
be equal to 120 degrees, AB is Ms to AC or _ and conſe- 
amy P or 5 4 


363. Cor. 3. Becauſe P: W:: AC: 4B, Ege 


therefore the arc AB vaniſh, or the angle ADB be equal to 180), 
Pa = or XP is infinitely great compared with V. As the 


arc AB encrcaſcs to a ſemicircle, P decreaſes and becomes the leaſt 
poſſible when it is a ſemicircle, becauſe the chord 4B is then the 
greateſt poſſible. In this caſe PA and QB are parallel to each 
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E 


other and to CD, and V= P +2, becauſe AB AC CB, 


and conſequently P => 1 E = 4 As the arc BA encreaſes 


beyond the ſemicircle, P encreaſes and becomes infinite when it 
is "un to the periphery. 


364. Cor. 4. If P be finite, is either finite or evaneſcent ; 
for N E | 


AC 
is finite. 


= 0, when 4B vaniſhes, and is finite when AB 


365. Prop. FW be ſuſtained by P in à ſyſtem of moveable al 

v, y, x, each of which has a ſeparate rope, and the angles contained by 

rhe directions of the ropes be FS E, DTC, BRA; W: P:: EF DC 
x BA: oat bats omen 


* Dx. 


FIG. 
III. 
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PULL E Y. | 
DRM. Let V. . R, P repreſent the tenſions of the ſtrings v JT, | 
xR, PG reſpeCtively; and( 3600) M : T:: EF: vE 


T: R:: OD: y | 
R: P:: AB: x4; and conſequently 


WW: P:: EFxCDxd4B:vExyCxx4.: 
Q.E.D. | 


366. Cor. 1. If the pulleys and the angles FSE, DTC, BRA be 
equal, V: P:: EF: vE3; and, if the number of moveable pulleys . 
be equal ton, V: P:: EF": vE'. 


367. Cor. 2. If the directions of the wo become parallel, V: 
P:: 2 Ev x 2yCx 2 KA: Eux Cy x Ax, and, when the pulleys 


are equal, V: P:: a x a2 x 2: 1; or as that power of two, whoſe 


exponent is the number of moveable pulleys, to unity, which coĩn- 


| 2 ww (352). 


368. "303 3. If the tenſion of the rope PG, to which P is ap» 


mx AB mx ABxCD 
plied, be equal to m, R = 3 T = On „ W = 


mx ABxCDx EF 
—— - 


SCHOLIUM. 


369. The concluſions, derived from conſidering the tenfions of 
the ſeveral ropes in any ſyſtem of pulleys, may alſo be inveſtigated 
by ſuppoſing the moments of P and Y to be equal, the velocities 
involved in theſe moments being reduced to oppoſite directions. 
1. In fig. 99. the ropes being all parallel to the direction in 
which acts, the velocities of P and Ware in oppoſite directions 
and entirely efficient; and, when an equilibrium obtains, the pro- 
duct of P and its velocity is equal to the product of and its 
velocity: for let LI= Mm = Nu = Oo = v, and if the point 
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be elevated to 51 through a ſpace equal to v, the pulley EF will 
deſcend through a ſpace equal to v, and any point of the rope E 
through a ſpace equal to 2 v, and, when the point M is elevated to 
m, through 3 v; therefore the pulley BA will deſcend through a a 
ſpace equal to 3v, and when the ropes A and B are ſtretched, A 
muſt deſcend through a ſpace equal to 6 v, and when the point 
N is elevated to 2, through 7 v, &c.; conſequently the velocities 
of ] and the ſeveral ſtrings E, C, A. P, are reſpectively as v, 3 v, 
5, 15 v, and when an equilibrium obtains P: V:: 1: 15. 2. In 
fig. 98. let Waſcend through a ſpace equal to v, and the ropes F, E, A 
will evidently be elevated through ſpaces equal to 2 v, 4 v, 8 v, re- 
ſpectively, and if the number of moveable pulleys be equal to z, it 
is clear that the velocity of P: velocity of :: 2*xv:v::2": 1, and 
when there is an equilibrium P and # are inverſely as their ve- 
locities, or as 1: 2”, 3. If the ropes, ſuſtaining the pulleys be ES 
not parallel to each other; let E F be a pulley ſuſtained by two IG. 
powers E and F, whoſe directions meet in S; and if F be raiſed 
through a very ſmall ſpace equal to SY, E and F, acting parallel 
to ES and FS, will deſcribe the ſpaces SE and SF reſpectively, 
and the velocities of V, E, F, are to. eack other as SV, SE, SF. 
Reſolve SF and S. E, each into two, Sm, F, and Sm, mE, of | | 
which m F and E being equal and oppoſite deſtroy each other, TE ö 
and the remainders are wholly efficient; therefore, in an equili- | 
brium, E+ Fx Sm==W x 8&V; but E+FxSP:E+FxSm 
E + Fx SF 


(or nn NV Fm and 1 (Ex SE): 


Wx: = :Fm : FVV: FE, or the power or tenſion at E is to 


the 3 of Was E: Fk, which coincides with . is : 


proved in (360). | „ ER HO. | 
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PLATE 


XIII, 


INCLINED PLANE. 


INCLINED PLANE. 
370. Drs. 4 plane ſurface inclined, in any angle, to an horizontal. 


FIG. plane, is called an inclined plane. If BA be drawn upon. the inclined 


CV. 


FIG. 


IVI. 


Plane, and BC upon the horizontal plane, fram the ſame point B of tbeir 
common interſectian, perpendicular to it, the angie ABC is the angle 


of elevation or inclination; and if PW be the direction of the Powers. 


the angle PWA is called the angle of i traction. 


371. PROP. If a body, whoſe werght is W, be juſt ſupported upon: 
the inclined plane AB by a power P, acting in the direction PW; P.: 
W:: PW: PC (ſufpofing PC to be perpendicular to the bars zontal line 


BC) :: iin. - inclination ABC: coſ. C AWP. 


Du. The weight V, acung i in. wth Adem WL or PC per- | 
pendicular to the horizon, is ſupported by the power P, and re- 
action of the plane, acting reſpectively in the directions PW, and. 


perpendicular to the plane; and conſequently P, V, and 
preſſure upon the plane, are to each other reſpectively as the ſides 
PM, PC and WC of the triangles PMC (196), and P: W:: PW 

: PC :: ſin. PCM or ABC: ſin. 4 PMC or col. of 4 PW A. 


QE. P. 


Another demonſtration: 


Let VA, repreſenting the . of . or its tendency to de · 
ſcend in a direction perpendicular to the horizon, be reſolved into 
two, one S Z perpendicular to the plane, and the other VS pa- 
rallel to iti. V repreſents. the tendency of to deſcend upon 
the plane, and, taking /x— FS, and drawing x E perpendicu- 
lar to the plane, any force FD, WE, &c. drawn from ]. and ter- 
minated by x E, wilt be in equilibrio with V, becauſe the only effi- 
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cient part of FE, reſulting from reſolution, i 1 9 Sf ad ed 
VX x rad. WS x rad. 


to vs; but P:W:WE:WZ 3: LE sn 
2 SZ or ACB: col. 4. EWA. | by ; 


372. Cor. 7. The . force, *Qing 3 im paraliel direRtions, is 
required to ſupport the ſame weight upon every part of the 
plane; becauſe the angle of traction is the ſame, 75 = 
FW x fin. E. inclin. | 


—T 7 of traftion? which is a * quantity. 


. : 6% 15 3 

373. Cor. a 2. Becauſe P= 2 fn of 4 nc. if w and the Tv: | 
plane be given, P.is the leaſt poſſible when the coſine of the an- 
gle AMP is the greateſt poſſible, or when PW is parallel to the 
plane: as the angle PA encreaſes from hence, its coſine da- 
creaſes, and conſequently P encreaſes, and becomes equal to , 
when PW is perpendicular to the horizon, and infinitely greater = 
than V. when PIs coincides with „ or W C. 1 . 


374. Cor. 3. When PW is parallel to the plane, P: Wi: fin 2 
of inclin. : radius:: AC: AB; when it is parallel to the baſe, P: 
Vi: fin. E uf inclin,: fin. BA (this angle ad the complement : 
of the angle of. tration) : : AC: BC. 


47 6 Cor. 4. If AB be perpendicular to the horizon, and the 
angle PVA =, P; for the coſ. of 4 PFA = fin, of hoe 
= fin: of C of inclinatian.. If, in this ſuppoſition, PIT be parallel 
to the horizon, F. is infinite; for coſ. of C of traction 0. we 


——— 


3 Cor. 5; Let Pr reprefent the. —— upon the plane, and 


Pr: = 2: ſin. EM: en col, C of . and ER 
„ 


130 INC LINED PLANE. 
4 LET 5 2 SEE © o, when PWV is perpendicular to-the hotizon, 


and infinite. when the z. PWA is a — angle. 


377. Cor. 6. Let.CT be perpendicular to P's direction, and the 
ſitles of the triangle. C IB, C1, CB, and IB, are reſpectively per- 
pendicular to the directions of P, V, and preſſare upon the 
plane, and * E, V, nnd P . are reſpectirely as 0 CB 
and IB. 


378. Cor. 7. If WCP were an angular balance revolving upon 
the fulcrum C, and ated upon by two forces in the directions 
PW and FL, an equilibrium would obtain between them when 
P:W inverſely as the perpendiculars let fall from C. upon their 
directions, or P: M:: C L: CK. (aya); but CL: CK :: Ain. z. te? | 
one's fin. Z CME or CM: : PW: TS 2 


FIG. 379. Cor. 8. 1f P and Ii be in equilibris, FT EEE WY 
CVIE. yelocities are to each other inverſely as their magnitudes ; for let 

W deſcend through an infinitely ſmall ſpace WA, and its perpen- 
| | dicular deſcent is Z, and.P's perpendicular aſcent is equal to the 
| difference between PA and P, or An, if Em be perpendicular 
| to PA. Draw FD# perpendicular to PA, and DZ to FA, and 
Am: Mr: Ps velocity: J's velocity :: An:DZ:: AF: DF 


(ſim. triangles):: V: P ( 377). 


c 380. Prov. 27 two bodies W an V. Plated upon the inclined 


III. planes AB, AD, re, each other by means of 4 rope paſſing over 
the pulley P, V: i: . AVP K fu. Fee x in. 


C. ADC. 


Dr. Thie tenſion uf the rope / P is: erery here die Tame, | 
or the ſame power, P, in required to fuppore und , but 


P. 


1 INCLINED PLANE „ ue 
F:. N:: fin. C ABC: eoſ. . PA; ang | I 


V: P:: col. C. AVP: fin. 4. 4DC; therefore | 
V: :: fin. LABCX cof, CAP: col. an in. 4 ADC. 


2 


381. * 1. If PF and PF be — and 4B re- 
reſpectively, P: W:: AC: 4B,  _ 
| V: P:: AD: AC; therefore 
V M.: AD: AB. 
This concluſion is alſo derived from the general expreſlion, the 
calines of the angles Pond PMA becoming AD and AB. 


382. Cor. 2. bo PV and PW be pace to the baſes of the 
planes, P': M:: AC: BC, 
V: Pi: DG: AC; and x 
: V:: DG: BC. 
T bis alſo follows from the general expreſſion, the complements of 
the s AVP and Ap, being, i in this ſuppoſition, reſpectiyely 
equal to DA and BA C. 


w E D 0 E 


383. Dur. A wedge 5 is 4 hard body, generally of a rriangular erb FIG. 
matic' "figure as AF, which is generated by the notion of the triangle 


AE D upon the right line EF always berpendicular fo its plane. 


If AED be an iſoſceles triangle, it is called an iſoſceles wedge, 

if ſcalene, a ſealene wedge. ABC Dis the back of the wedge, 
upon which a force. is impreſſed uſually by percuſſion; and 
ABFE, DEC, are the:ſides of the wedge, upon which the re- 
fiſtances of wood, &c. act and counterpoiſe the force of percuſſion. 
The angle AED is the 1 of the wedge. 


384. ProP. Tf two —— acting i in equal angles upon rb ad 
Ades f an yOu wedge aa be in * with a power, P, act 
ing 


452 


1. 


| WE D CE 'E, 
ing in à direction a to the back; P. is ro the bleed, as 
the reflangle of the fines of half the vertical angle gf the wedge and the 
incliuarion of the e ” the fades to the ſquare * the e us. 


ov” 


DEM. Let the directions _ quantities of the reſiſtances be 
D and C4; reſolve each into two, DE and de, in the directions 
of the ſides, and CE, C e, perpendicular to them, and DE, de, are 


loſt by their obliquity. Reſolve EC, e C into two forces, E F, e F. 


Parallel to the baſe, and FC, FC perpendicular to it; EF, ef, be- 


Ing equal and oppoſite, deſtroy each other, and the forces 2 PC. 


being exactly oppoſite to, and in equilibrio with P, are * to 
it. But FC: EC:: ſin. C FEC or C BYC: rad. 
| EC: DC: : ſin. EC: rad.; and | | | 
ex æquo FC: DC:: ſin. BC N ſin. 4 EDG: rad. ad. ]:: 2 C or P: 2 DC 


or reſiſtances. Q. E. D. - 


33 5. Cor. 1. If the refiſtances be 3 to the ſides, the 
ſine of the angle AD C becomes the radius; and conſequently P: 
reſiſtances :: fin. £ CA: 5 21 2 1 AB: AV + BV. 


> +: PIT 


386. Cor. 2. If the reſiſtances be De 


| be perpendicular to the axis, 
P: reſiſt. :: BC CV: BY*; and, when. the angle AV is equal 
to two right angles, P: reſiſt. : BOD: BC: o: BC, or P is 


infinitely leſs than the reſiſtances. 


. 387. Cor. 3. When the reſiſtances are perpendicular to the 
back AB, the angle EDC BVC, and P: reſiſt.:: fin.* C BVC: 
rad.? :: BC*: BV. If the angle BVA be equal to two right an- 
gles BC = BY, and P reſiſtances; and if the angle BVA be 
diminiſhed without limit, the reſiſtances are encreaſed without 


limit. 


388. Cor. 


W E D G E. 
388. Cor. 4. If P bei the ſame i in the two ſuppoſitions of cor. c. 


F 


Wy — 0 — . LY 
410 : 57 18 - Nin J. 9 V wp 1h el 101 #3571 2 Vi I; 0 
0 Y > 1 T — "Y © 74 . SY 71 775 e 


2 E 2 7 


| 5 
a Cor. 5. If the n be giyen in cor. 2, P i is ; the 
OY 1 when the angle BVA is a right angle. „ 


* 2117 eis 0 e fit. 5 Ibagß A n 


T's: 


mon e of cor. 1. 15 i varies as tlie Te 8 angle 


* * 
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391. The relation, ſubſiſting between the power dend reſiſtances 
in the wedge, has been traced through various proceſſes and modes 
of reaſoning, by different philoſophical writers“; and different, and 


frequently contradictory, concluſions have been deduced from dif- 


ferent demonſtrations, ſome of which muſt conſequently. be erro- 
neous. As in all equilibria of forces, they muſt either obliquely, 
or directly, oppoſe each other; and their intenſities, eſtimated in 
oppoſite directions, muſt be equal; one ſource of error hath re- 


ſulted from a miſapplication of this equality of moments, which 
is univerſally true and will never lead to falſe concluſions, if the 


velocities be reduced to oppoſite directions and the efficient: parts 


only of the moments be ſuppoſed equal. 1. Let: two equal reſiſt- 
ances R and r act perpendicularly upon the fides of an iſoſceles' 
wedge AB D, and-be in equilibrio with à power P: acting perpen- 
dicularly upon the baſe AB; and taking D d, the coutinuation of 
PD, very fmall, and drawing dE, dee parallel, and DE, De per- 

pendicular, to the ſides, the velocities of P, R, 7, are fo each 
other as D d, DE, De reſpectively, theſe being .deſcribed by: them. 


in the Jams time. Reſolve, 2 Din ihe: io, EL wo Pa- 
1H. „t 5 700159 Aidn to dfod paklel 
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rallet to the baſs, which: being equal and oppoſite deilroyitach 
other, and DIL, N perpendiculas ti the —— which being op- 
polite to P's direction, are wholly efficient; and becauſe there is 


an equilibrium RT x DL = P x Dd, but R+r x DL or Px 


PDA: R DE:; ; DIADE:: 4 ADA 


the ſame as ( 385). 

When Rand v act! in any other en, the relation of their 
moments to that of P is diſcoverable by a ſimilar yarns If they 
be : parallel t to the baſe, ra * "'M am pa nn 10% their rection, and the. 

ende yas P DM and dm; and 
reſolving . DM, F n; into two PR. de perpendicular, and ME, me pa- 
rallel, to the fi des, the laſt not being e to the ſides are quite 
inefficient; and repeating the proceſs above R-+ x DL = = Px Dd; 
and Px Dd: R+r x DE:: AP: 4D 
..R+rx DE: Rix x DM: DE «DM: PD: A 
and PxDd:R+x x — 4 x PD: 4D which 1 1s the Ke 
A different analogy i IS inneftigated. by Rowning, from the ne 


| pricciple, VIZ. the power: the: reſiſtances: e PD. 


124 l. Garch of — is an e kh of this veinciple, 
66 that if three forces act upon a body, which remains at reſt, they 
are to each other as the three ſides of a triangle, reſpeCtively pa- 
rallel or perpendicular to their directions; which certainly is un- 


true, if any parts of them be mefficient and loſt by obliquity of 


direction; for the force FG will have exactly the ſame effect upon 
the ſides af the wedge A with FH. FI, or the perpendicular FL, 

ſuppoſing GL to be parallel to AD, and of the parts, reſulting 
from a reſolution of each into two forces, one perpendicular to, 
and the other coincident: with, the ſides, theſe laſt, Fx, &c. are 
loſt, When the, wedge does not fill the cleft, and the reſiſt= 
ances act perpendicularly upon its ſides, Maclaurin and Varignon 
have applied the above principle and dedueed different conclu- 
ſions; both of which cannot be true. Dr. Hamilton, Gr aveſands, 
Deſaguliers, Emerſon, Muſchenbroek aſſert, that the power is to 


: the refiſtapces as half the hack 18 to the height, and Keil, Whiſton 


0 and 


woe U 2 . 


and Nicholſou, aſſign 2this-ratiocts he that of the vHhöle back to 


the height. The firſt analogy atintides withbtiiis generat :thed- 
rem, „ that the pen is to the rrſiſtanres; when in equilibrio, as 
a line drawn from the biſection ef the bdfe to one fide; parallel 
to the reſiſtance upon that ſide, ta: the height of tlie wedge;j awd 


this theorem 1s preſumed to be erroneous for the followin g reaſons, 


1. If the dibeftiohs.'F-the\refiſtancer"de parallel 9 Then aki, 


their fum is equal to che power, xeerding to the theorem, which 


cannot be true; becauſe the power acting perpendicularly is wholly | 


efficient, but part of the reſiſtance is loſt by obliquity of direction. 
2. If the vertical angle of the wedge be diminiſhed without 
limit, a line drawn, from „ the baſe to a fide; pa- 
rallel to the reſiſtanee, accedes to equaltey with the height Wen 
the direction of the reſiſtance is nel o the height, and the 
power and reſiſtance become equal, according to the ge ; 
but, the power continuing the ſame, the directigns of. che. 
ances accede to parallel with;the TY they be | 


inefficient. 


3- When the: reſiſtances act berbendieclery to the axis, and 
the vertical angle of the wedge accedes to two right angles; ac- 
cording to the theorem, the ratio of the power to the reſiſtances 


enereaſes without limit, Which cannot be true, becauſe the ineffi- 


ciency of the reſiſtances evidently encreaſes without limit, and 
conſequently the ratio of the reſiſtances to the power erer 


without Unit. Which! is Aredtly the lte of the theorem. 810 
A bas 44 4 to 


4. Tf the power be the tame ir che two cafes white! the ger 
oe of the reliſtances are perpendicular to the ſides and axis, of 
the wedge, the reſiſtances are, according to the theorem, as the ſide 
and height of the wedge reſpectively ; or greater reſiſtances are 


required to ſuſtain a given power, when their directions are per- 


pendicular to the ſides, and therefore entirely. efficient, than when 


they are oblique. aA ter not bol dent, which. cer- 


| tainly is untrue. | | 
Ab % e e eie BE 1 4 6 \ . 9 2 1 e. twat 71194 51 5 a ee 1 
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lt is preſumed, for theſe reaſons, that the analogy, derived from 
the theorem, and conſequentiy the theorem itſelf, cannot be gene- 
rally true; and were theſe reaſons leſs deciſive, it would not be 
difficult to point out the ſeveral Derr in the demonſtration 
* mduced a —_—_— it Jad not Son fil bt 6 
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„ 392-\/PROP: If the fower: and.irefitences P, R, and er, aft ber per- 
dicularly 117 the back, and fides of a ſcalens, wedgt ABD, and be in 
kene, F. 1 : back 195 the ane e 1 its ww. 2d : 
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— — 162 ef 5, Ming pale pew the back of as ilolecles wedge 
IG, be in equilibrio with the equal reſiſtances E and F, acting perpendicùlarly upon its 
:; Z Fa line PE drawn from the biſection of the baſe P to one ade, Parallel to 

ar rnd adtiace * 25 to the Prone of the ep ns 1 


7155. 6 


Fa Let the directions of 2 and F meet in i the Nuss of the baſe P, and PB= PF, | 
and, aun the A P: ETF. PN:BE+PF (ige): - PH: PE:t: 
PE: IF 


Cor. If PN be the ** of P, PE and PF will repreſent ihe 4 force with which P pro- 
trudes the reſiſtances 1 in directions ae to > the fides.. 7 


THEOREM 11. If the direQions of the ref anees be any other lines PD, PO, equally 
inclined to the — the * ns mater (Z 4+ mM as PD 1 to PB, abs 


[4 
3 n 


' DEM. Reſolve wo . PF into wa, PG and PK i in the directions of PD and 70. ny" 
GE, FX perpendicular to them; and theſe laſt forces, acting perpendicularly to the reſiſt - 
ances, are loſt. If PN be the force of P, PE and PF are its force perpendicular to the 
fides, and PG + PK the force in equilibrio- with the reſiſtances; therefore P: Z TF: : PN 


:PG+PR:: PH: PG:: PD: PB, becauſe P E = PG x PD=PH x PB, and con 


ir fte: : PD: PB. Nb. B. . 


bm this demonſtration, FG oy FX, being inclined to the fides of the wedge, are not in- 
efficient, and, not being oppoſite, they. do not deſtroy each other, and conſequently ought 
not to be neglected. And, beſides, if the power eſtimated in the directions of PD and PO 
be equal to PG + P, theſe will be equal to the power eſtimated in the direftion PN, or 
equal to PN. Reſolve PG abd PK into two, GL, OE, perpendicular 10 the axis, which 
being equal and oppoſite, deſtroy each other, and PL and PL are the only remaining paris 
of the force, and theſe are never equal to PN, ualeſs PD and PE coincide, Hamilton on ibe 
Principles of Mechanics, 


7 


C 
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are in the ſame plane, meet in the ſame point (216), and their 
magnitudes are to each other as the three ſides of a triangle 
parallel, or perpendicular, to their directions; therefore P: R * 7 
ee Ak. „ 


9 


in equilibrio, and lines be drawn through M, E, and e, parallel to 
the ſides of the wedge reſpectively, any forces, whoſe magnitudes are 

P, RF, rf, drawn from P, R and r, terminated by the lines drawn 
parallel to the ſides, will be in equilibrio; for their perpendicular 
and — efficient ones 7 RE and re are in nee 


ie * N TY: 14 
, 
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Cc. reprgſenting equal inclined planes, be ſo wrapped round the convex. 
and concave ſurfaces of two cylinders with equal. bafes; that AB, CD, 
EF, &c. the horizontal baſes of the planes, may be bent into the peri- 
fheries of circles parallel and equal to the baſes of the cylinders; equal 
Jpirals will be formed upon their ſurfaces, whoſe lengths are AC, CB, 
EG, &c. and difiances CB, ED, FG, Sc. the perpendicular herghty 
of the Planes. The convex cylinder is inſerted in the concave, and ſo 
adapted to it that the ſpirals protuberant upon one cylinder may. exactly 
fill the excavated ſpiral or groove upon the other : the Woe 15 called the . 
external, and the ſecond * ˖ ern, ſerew. 


Another definition: 5 


"Tf ay linder move uniformly FEW its axis, 210% a point moves 
uniformly upon its ſurface in a right line parallel. to the axis, the line, 
deſcribed by this componnd motion, is a ſpiral, which; being raiſed upon 
the external ſurface of the cylinder, forms the external ſcrew; and 4 
fimilar ſpiral groove . cut . the internal furface of a a 2 
IP 8 n ers 


0 Makati Chap. III. XXU.. Keil Phykcs; Lea. * Rokault, Net. -ad 9. Emer- 
ſon's Mechanics, Prop. 29. | 


DN: Becauſe the power and reſiſtances act perpendicularly: 
| upon the back and ſides, they are wholly efficient, their directions 


" Cor. If: PM, RE Oe the ks UT: of P, R, 55 


*; 94. De F. If a right line, divided into equal parts AC, CE, EG; PLATE 
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linder, of the ſame diameter, tq receius the pratubenant ſpiral. forms the 
internal ſerœw. Either of theſe' ſcrews is fixed, and the ptber it move-: 


*. _ a lever is ee fs , and i in the . of ts. baſe. 


In. | TR 2% ip 


39 5. Pro. Tee is ds „ ge ww? tze N when © the 
power, P, is to the weight, W. or refiftances acting parallel lo the axis, 


as the diflance between two contiguous Ht _— to the 477 hare 75 the 
(ect eee a „ AU 


5 „C OPT EI | E004 n i 
DM. It is evident that V. acting upon either of the ſcrews, 
in a direction parallel to its axis, will equally preſs every point of 
the ſpirals of the other in contact with ir, in directions perpendi- 
.cular to their baſes. If ABD be the baſe of one ſpiral, p, the 
magnitude of a power acting at B perpendicular to BC, and in 
equilibrio with the preffure pr, upon one point of the ſpiral, P' a 


power acting at P perpendicularly to PC, and in equilibrio with 
p or pr; (374) Pr: diſtance between two contiguous ſpi- 


rals (4): ABD; P': p:: BC: PC:: ABD: periphery of the circle 
deſcribed by the power, therefore P: pr :: d: periphery of this cir- 
cle, and the ſum of all the Ps, or Ps to the ſum of all the ers, 


or F in the ſame ratio, that is, P: Wi d: EL of the circle 


| deſcribed by P. Q. E. D. 
Another demonſtr ation from def. = | | 
Whilſt Bor P makes one revolution, IV is elevated through a 
ſpace equal to d, therefore the velocity of P is to the velocity of 
V, as the periphery of the circle deſcribed by P to the diſtance 
between two contiguous ſpirals, and conſequently when there ! is 


an equilibrium, E: V:: diſt. between two Tpirals : to the Vs 
phery deſcribed by P. AE. . bog, 


E . * « 
4 EY * 3 
. 4 3 2 


396. Cor. 1. If the diretion of be inclined to the ani, a} 
P do not act in the plane of the baſe, but in any other ene 
the ratio of P to may be found by art. 371. 


397. cor. 


L 2 
397. Cor. 2. The preſſure ſuſtained by any point of the ſpirals 
is to the part of # incumbent upon it, as om length of a ſpiral 
to its baſe 43G DDP). N 


398. Car: 3. In an ene or perpetual frrew, acting upon a PLATE 
wheel, the diſtance of whoſe teeth is equal to AB, the diſtance of p16. 
two contiguous ſpirals, and in equilibrio with a body V, ſuſpended XI. 

from the axis FF; P: M: 4B = r drameter & the wheel x Y 
periphery of a circle whoſe radius is: PE; for if N be the reſiſtance I 
of a tooth to a ſpiral of the ſcrew, P: R:: AB: per. of the circle | 
deſcribed by P, R: V:: EF: diameter of the wheel; therefore 
P: Mi: AB x EH per. af the circle deſcribe by P x diameter of 
the wheel. 


WD. - 
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399. The ſecond demonſtration of this . geniraly 
deemed unſatisfactory, becauſe the moments ef P and are not 
reduced to oppoſite directions; but the ratio of P to V may be 
inveſtigated by finding the oppofite and efficient parts of a po en 
ſuſtaining a body upon an inclined plane, and combining it with 

the power of the lever. Let C be an inclined plane, or ſpiral p16. 
of the ſcrew, Wa weight acting perpendicularly te the dn e CXVI. 
E, and ſupported by a power P, acting parallel to WB; and if 
I ke elevated through a very ſmall: ſpace # wo, or perpendicular 
height Hu, it is evident that P, acting parallel ta VE, will de- 
ſcend through a ſpace equal to WE — we or WH; and conſe- 
quently the velocities of V and P, eſtimated in oppoſite directions,, 1 
are as Hu to H, or as the height of the plane to its baſe, and. | | 
when an equilibrium obtains, P: V:: height of the plane: its ah. | | | 
baſe or 4BD. But; from the nature of the lever, a power, act- 4 . | 
ing at the diſtance PC, muſt be diminiſhed: in the: ratio of BE: 1 
PC, or of the nN ABD: circumfer ence deſcribed” by. ll 
the l acting at. E. | { 
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400. Dze. THE « center 8 4 4 e wa 
= point about which the parts of the body or ſyſtem are in 


401. PROP. To find the center of gravity of a body.” © 


Let A. B, C, D, &c. be particles of the body, and finding the 
centers of equilibrium p and 9, of A and B, C and D reſpectively 
(274); let A + B be placed in p, and C+D in q, and their cen- 
ter of equilibrium, G, will be the center of gravity of the particles 
A. B, C, D, &c. Becauſe the force of gravity acts upon the parti- 
cles in parallel directions, the efficacy of A to communicate motion 


to & is Ax AG, and that of Bis B * BG(279) or Ax Ap +pG 


and B x Bp +6, which are equivalent to them (181), or A+ B 


x G, ſince Ax Ap and B x Bp are equal and oppoſite, and con- 


ſequently deſtroy each other. The ſum of the moments of C 


and D is found, by a ſimilar proceſs, to be the ſame as if they 
were placed in 9; and conſequently G, which is the center of gra- 
vity of A B and C+D, 3 in p and q reſpectively, is the 


center of gravity of 4, B, C, D , placed at the points A, B, C, D, 


&c. QE. D. 


402. Cor. 1. The particles of the body cannot be in eguilibrio 
about any other point except G; for, if poſſible, let X be ſuch a 
point, and it is proved, as before, that the efforts of A and B to 


move X=A+BxþX, and of C and D=C-+D x7qX; there- 


fore the point X is kept in 9 by two forces, A ＋ Bx N 
_ 


C EN. T. E R or GRAVITY. 


and CB w_ not eco in W ite rer which 18 im- 
poſſible (rouge | 


403. Cor. 2. In every ſituation. of the 4 compoſed of the 
particles A, B, C, D, &c. if the point G be ſupported, the body 
will be at reſt; for the force of gravity acting always in parallel 
directions upon the particles, their moments, or efforts to move G, 


will always be as 4 x AG, Bx BG, &c. which by the proceſs uſed 


in this propoſition, will always be reduced to two forces that are 
equal and _— | eee F 


404. Cor. 3. 1 A+B+C+D, "bee, be ny to 2, and the 
preſſure of each in parallel directions be equal to , a force as 2 x 9, 
acting at the point G, in a direction oppoſite to that in which the 
particles preſs, will remove their preſſure. Or if A, B, C, &c. be 


_ deſtitute of gravity, and only reſiſt the action of a force by their 
inertia, a force P acting at G will communicate equal velocities to 


every particle; becauſe their reſiſtances, being exerted in directions 
oppoſite to that of P (3d law of motion) and therefore parallel to 


each other, vary as their diſtance from G, and conſequently the 
ſums of the reſiſtances on each ſide of G are equal. And v. v, if 
2, be moving and without gravity, a force applied, at G (the center 
of eh. i to the moment of & will deſtroy all motion. 


| $CHOLIUM. 
405. The particles which compoſe a body, being connected to- 
gether by the force of coheſion, every line of particles may be 
conſidered as a lever, impreſſed in different points by the action of 
gravity, or any force which acts in parallel directions. The par- 


ticle A therefore is connected with & by the coheſion of the in- 
termediate particles, and, an infinite number of levers terminating 


in G will therefore be formed, upon which the particles, in any 
one line, act with intenſities varying as their magnitudes multi- 


plicd into ther diſtances, 


X 406. Proy. 
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406. PRor. The ſum, or difference, of the products, whi < reſults | 
from multiplying each particle A, B, C, D into its perpendicular diſtance 
from any plane LN, according as they are on the ſame or different des 
cf the plane, is equal to the product of all the particles multiplied into 
the diſtance of their center of * G, from that plane. 


DEM. Let P and Q be the centers of —_ of A and B, C and 
D, and drawing right lines through P, 2, G, parallel to the plane, 
which interſect the perpendiculars drawn from thoſe points re- 
ſpectively; and A: B:: BP: AB:: BA or Bb—Pp: Am or Pþ— Aa, 

and A x Pp A == Bx Bb Pp, or 
Ax Aa Bx Bb=A+bxPp. 
By a ſimilar proceſs it appears, that Cx C ＋ Dx DI=C+D 
* 29. But A+B:C+D:: NG: PG::Gvor Gg=2g: Px 
or Pp - Gg, and AFB x Pp—Gg=C+D x Gg J, 


or, by tranſpoſition and a ſubſtitution of equals, 4x Aa ＋ BR 


Bb -CxCc Dx Dd=A+B+C+D x Gg, where the 
higher or lower ſigns are to be uſed, according as, the bodies are 
on the ſame, or a different, ſide of the plane. QB, : 


407. Cor. r. Tf the patties be plates upon the ſame right 


line, or Aa, Bb, Cc, Dd, Gg, become Ag, Bg, Cg, Dg, Gg, re- | 


ſpectively, it is evident, that Ax Ag + BxBg=CxCg=D x 
Dgs=A+B+C+DxGg; or the ſum, or difference, of the 
products reſulting from the multiplication of each particle into its 
diſtance from any point g, according as they are on the ſame, or 
a different, ſide of that point, is equal to the product of their ſum 
multiplied into the diftance of their center of gravity from that 


point. 


408. Cor. 2. The whole moment of a body, acting upon a lever, 
being equal to that of every particle, or to the ſum of the pro- 


ducts which reſults from the multiplication of each particle into 


zts diſtance from the center of motion (279), is * therefore to 
. the 


CENTER OF GRAVITY. 


the produtt of the whole body into the: diſtance of the center of 
gravity from the center of motion, and is conſequently the ſame 
as if it were collected in the center of gravity. The demonſtra- 
tion of this propoſition obtains therefore when A, B, C, D, are 
collections of particles or bodies, whoſe centers of gravity are the 
points A, B, C, D. And to find the center of gravity of a ſyſtem 


ol bodies, it is evident, that, in the propoſition (40 1), bodies, whoſe 
centers of gravity are _ B, C, 7 5 * rg on aden for par- 


ticles. 


409. Cor. 3. If A, B, C, D, be bodies acting upon any plane 
LN, in parallel directions, the ſum of their efforts to move it is 


FIG. 
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the ſame as if they were collected in their center of gravity; for, x 


if 4, B, C, D, be the reſpective centers of gravity of each body, 


this ſum is equal to A Xx AA x Bb-= CX CS Dx DA 


 A+S+B+C+DxGg; or, if they be placed upon a lever, the ſum 


of their efforts to make it revolve is the ſame, as if they were 
placed at G. When the center of gravity therefore is in the plane, 


or at the fulcrum. of a lever, the plane and lever are quieſcent. 


And if any point Z be taken in NL, AxaZ+ BxbZ+CxcZ 


+DxdZ = AF+B+CHE+Dxg2; for if a plane paſs through 
Z, the Proof 1 is the ons, as that of this pe 


410. Cor. 4. The diſtance of any plane from the common cen- 


ter of gravity of A, B, C, D, &c. or Gg i 18 equal to 2 22755 


_— Co = 
— _— and its A from a plane paſſing 


＋ CD, &c. 
| Ax Zab+BxZb==Cx Ze D x 2d 
A+B+C+D. L 
where the lower ſigns are to be uſed for. moſs bodies not on the 
ſame fide of Z with 4 EE. | 


through any point Z 1s equal to 


139 1 2 94A 718. N 411. Cor. 


164 CENTER oF GRAVITY. 
FIG. 411. Cor. 5. A right line drawn from 4 through the center of 
_— gravity G of any number of bodies A, B, C, D, &c. will paſs 
| through the center of gravity of the remainder; for B x BET D 
x Dd=C x Cc, and conſequently the center of gravity of B, C, D 
| | is in the plane paſting through 4G, and if this plane revolve, their 
| center of gravity 1s always in the plane paſſing through AG, and 
lf conſequently it muſt be in the line 4G produced, which is the 
| common interſection of the planes. If r be this center, B+ C+ D 
x Gr = Ax AG, and if the bodies be equal and n their number, 


8 8 x Gr. 


* 22 
r 2:25” — 


FI G. 412, Cor. 6. If a circle or ſphere be deſcribed about the center 
1 gravity G, of any number of bodies A, B, C, &c. and any 
point P be taken in the periphery of the circle, or ſurface of the 
ſphere, PAZ x A+PB*xXB+PC* x C, &c. is a given quan- 
tity; for, drawing GP and the perpendiculars to it Aa, Bb, Cc, 
Ax Ga=BxGb+Cxcc 409), or, by ſubſtitution of equals, 
8 GA* PA +GP* „ PB — BG: — GP? 
AX 20 | . . 26 P —+Cx | 
— 2 — = : 
POLITE, ot, Ax PA. 4B « PB* Cx P 
Ax CA +GCP'+BxGBF+GP'+Cx GC P, and 
this ſide of the equation is invariable in whatever point of the 
periphery or me P fry 25 


FIG. 414; 3 if A,B, C, D, Sc. be particles of a body urged by 

CXXII. forces in parallel direftions, whoſe magnitudes are Aa, Bb, Cc, &c. 
the ſum of their weights is equal to the weight of A + B-+C, &c. 
ated * of 4 6 _y magnitude 1 150 8 8. 


Du u. The Sis of A, B, . ec. are A x Aa, B. BB. Cx 
Cc, &c. (235), and conſequently the ſum of their weights is 


[48 cqual to A+B+C, &c.xGg; but this product is the weight of 
if ABC, &c. acted upon by the force CS Q. E. D. 


414. Cor. 
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414. Cor. If the forces Aa, Bb, Cc, &c. be equal to each other, 5 


Gg is equal to one of them, or if the particles 4, B, C, &c. be 


acted upon by the ſame force, their weight is the ſame as if they 


were collected in their center of gravity and acted upon by that 
force. The tendency therefore of a body to deſcend is the ſame 
as if it were collected in its center of gravity, and, conſequently, 
if a line drawn from that center perpendicular to the horizon, 
fall within the baſe of the body, it cannot fall, and, if without the 


baſe, it it cannot ſtand. 


415. PROP, F any number of bodies A, B, C, Ec. move in fall 


line Parallel i to them. 


FIG. 


DEM. Let 4 and B, à and 5, be cotemporary poſitions of the 


bodies A and B, and G, g, their centers of gravity, and through g 


draw a line xy parallel, and conſequently equal, to AB, From 
the nature of the center of gravity, A: B:: BG: AG::bg:ag:: 
9g: xg (lim. triangles); and the point g divides the parallel and 
equal lines AB, x Jo in the ſame ratio, and Gg is a right line Pa- 


rallel to Aa or Bb, If H be the center of gravity of A, B, C, it is 


proved in the ſame manner, that it cuts the parallel and equal 


lines GC, va, in the ſame ratio, and Hh is conſequently a right 


line parallel to Gg. QE. D. 


416. cor. 1. If any number of bodies A, B, 2 Kc. 1 or 
deſcend in parallel right lines, the ſum of the products reſulting 
from the multiplication of each body into the ſpace deſcribed by it, 

is equal to the product of their ſum and the ſpace deſcribed by their 


center of gravity G; for, let a, 6, c, g. be cotemporary poſitions of 
A, B, C, G, and, drawing any plane NL, Ax Am +B x Bn+ 


CxCqg=A+B+CxGhb(406), and Ax a HIC 
cq=A+B+Cxgh; and conſequently by addition 4 x Ad + 
Ian | 


FIG. 
CXxxXII. 


417. Cor. 


directions, with any velecities, the center of gravity will de re 2 right CXXIIF. 


CENTER or G.RAVHTTY, 
4.17. Cor. 2. If any number of bodies therefore move in parallel 


CXxx1V. directions with any unequal velocities, or they be placed upon the 


lever XY, and receive unequal impulſes from any force at the ſame 
time in parallel directions, the center of gravity will, in the be- 
ginning of its motion, move uniformly in a right line parallel to 
them, and its velocity is equal to the products of each body into its 
velocity, divided by the ſum of the bodies; for the ſpaces Aa,:B 6, 
Ce, Gg are deſcribed in the ſame time, and vary as the velocities, 


and Gg (or velocity of G) = 2 Leng EEE - 8 


418. Pn OP. The ſurface, or ſolid, de ſcribed by the line or ſurface 


CXXV. AB, moving round an axis paſſing through C, is equal to the ſurface or 


ſolid formed by the multiplication of AB into the line de can by the 
center of 1 of AB. 


DEM. Fe or if AB be covered with phyſical points of the ſame 
thickneſs, AD, DE, EF, &. ADxCA+DExCD + EP x 
CE, &&. = AD+DE+EF, &c. or AB x CG (407), or becauſe 
the arcs Aa, Dd, Ee, &c. are ſimilar, AD x Aa + DE x DAA 
EF x Ee, &c. (= the ſum of all the ſuperficial, or ſolid, annuli 
Ad, De, &c.) = ABxGg. | 


419. PROP. The content of the ſolid generated by the revolution of 
a plane figure ABC round an axis AC, is equal to that of the ſolid 
whoſe baſe is AB C, and perpendicular height the periphery of the circle 

157 by the center Y gravity, G. | | 


DEM. For the moment of ABCor ABC x GD, 18 ual to 
the ſum of the moments of the elementary parts of ABC, or to 
the ſum of all the ſmall rectangles En multiplied into the diſtance 
of their center of gravity from AC, or to the ſum of all the y x 


mny Z or z x mn; therefore ABCx GD is equal to the ſum of 
all 


CENTER OT GRAVITY, 1067 
all the 5 * mn, and 5 AB CX G to the ſum of all he E- unn; 5 
but if 5 ah the periphery of a circle whoſe radius is anity, þ * GD 


is the periphery of a circle whoſe radius is GD; 2 2 18 * area 
Dy 


of a circle whoſe vadius is y, and the ſum of all the — x x mn i 18 
therefore equal to the ſolid deſcribed by ABC, TY 


420. DEF. The center of gravity of a line or furface, is the center 
of gravity of equal phyſical oy 8 are ſuppoſed 7 "OY that 


line or ſurface. 


421. Cor. 1. The center of gravity of a right line is evidently _ 
in its biſection, and the center of gravity of a parallelogram, 
priſm, cylinder, are in the biſection of the diameter or axis, be- 
cauſe the number of phyſical lines in a parallelogram, or of phyſi- 
cal laminæ in the priſm and cylinder, on each fide of this point, 
are equal. | 


422. Cor. 2. The center of gravity of any ——— of lines AB, x16. 
D, EF, &c. is found by joining the centers of gravity , u, of KX Vn. 
any two AB, CD, and taking a point p, ſo that pm: p:: CD: 
AB, and joining p, and ? the center of gravity of EF, and taking a 
point r ſo that pr: rg:i:EF:AB+CD, &c. (401). The cen- 
ter of gravity of the ſides of a triangle AB C may be found as 
above, or it may be found by biſecting the ſides in m, u, p, joining 1 
the points of biſection, and biſecting the angles m pn, and n m p, 
by the lines pr and m , whoſe interſection, G, is the center of 
gravity ; for pq :qn::pm:mn:: AC: BC, or the center of gra- 
vity is in 2m; and nr: n: mp: pn.: AC: AB, or this center is 
in pr, and therefore muſt be in their interſection G. - 


423. ProP. 


I . | ES 
168 | CENTER or GRAVITY. | 
14 21 423. PROP. Fa regular polygon ABCDE be, inſcribed i in the ſeg- 
| ment of a circle whoſe center is F, half the ſum of its fides is to the fine 
of balf the arc :: perpendicular let fall from F upon à fide : the diſtance 3 
of G from F. . 5 3 


Dx. For let m, u, p, 9. be reſpectively the centers of gravity of 
the ſides, and joining vs, the centers of AB, BC, and CD, DE., 
it is clear that the center of gravity of all the ſides will be in vs, 3 
and it will be alſo in FC, and conſequently at & the interſection 4 
of FC and vs. But from the ſimilar triangles 5s Fg, EID, ED: f 
EI (:: ED D: EC) :: Fg: Fs, and from the ſimilar triangles 
GSF, CE H, CE: HE :: Fs: FG, and, by — theſe analogies 
together, ED+ DC: EH: ma FG. QE.D 


424. Cor. 1. If a regular polygon be inſcribed in a circle, its 
center of gravity is the center of the circle; for FG = 
{ine of half the periphery x Fg » 216 

the ſum of the ſides © Tues ſum of the ſides * 


425. Cor. 2. As the arc EC: Ge of has arc :: FE : diſtance 
of the center of gravity of twice EC from the center F; for, let 
the ſides of the polygon inſcribed, be diminiſhed without limit, ſo 
as to coincide with the circular arc and be equal to it, and Fq is 
then equal to the radius. If the arc be a ſemicircle, the quadrant 
CK: FC:: FC: FG; and the center of gravity of the whole pe- 


as isin P, * = N = = oO. 


— 


426. PRop. The diſtance of the center of a of a triangle from 
any of its angles, is equal to two third parts of the line drawn from that 
angle io the biſettion of the fide oppoſite to it. 


DEM. 


— ö ̃— — — — = — 


GEN TE RO GRAVITY, 


DEM. Let Ap biſect the oppoſite fide BYE, me drawing 44, c d, 
ef, &c. infinitely near and parallal te . rhe be hiſeQed, 
and the center of gravity of each, and can ary of all, whigh 
make up the triangular ſurface, will be in 5 and, for the ſame 
reaſon, it is in B biſecting AC, and therefore muſt be in their 
interſection &; but, from ſimilar . AG: "0 4 B: * 
ade nn Q. E. D. 2 | 


427. Cor. 1. The center of gravity of any right lined figure is 
found by dividing it into triangles, and conſidering them as bo- 
dies: let m be the center of gravity of ABC, and ꝝ of BDC and 
joining mn, and taking a point G, fo that G: :: DBC: BAC, 
it will be the center of gravity of the trapezium AB DC (401). 

The proceſs is fimilar when the _ has more ſides, 


428. Cor. 2. The center of 8 of a e 9 z. 
ſcribed in a circle, is the center of that circle; for drawing a right 
line BH, from any of the angles through the center, the figures 
on each ſide are ſimilar and equal, and the center of gravity is in 
BH, and, for the ſame reaſon, it is in DI, and therefore muſt be 
at C, and conſequently the center of gravity of a circle is its center. 


24329. PROP. The diftance of the center of gravity of a regular polygon, 
inſcribed in a ſector of a circle FE AC, from its center, is equal to two 
thirds of diflance of the center of gravity of the periphery EDABC. 


DEM. Find the center of gravity, , of the periphery (423), 
and, taking IE =; FR, deſcribe a polygon fimilar to EDA BC. 
The centers of gravity of the triangles FED, FDA, FAB, FBC. 
are at L, S, T, V, the biſections of 7K, KN, NP, P: and the 
centers of gravity of FE DA and FA BC, are at R, and X, the bi- 
ſections of SL, V, and the center of the whole figure is at G, the 
biſection of RX; but FR: ET:: FM: LM, therefore LM = ; FM, 


and, for the fame reaſon, RO = Fo and GH == : FH. QE. D. 
„ 430. Cor. 


n 


FIG. 
CXXXIV. 
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” uniformly ; but PR = = 
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430. Cor. 1. The diſtance of the center of gravity” of a ſeftor- 
of a circle from the center, is therefore equal to two thirds of the 
diſtance of the center FT gravity of the circular arc 11282 ERA it 
ſtands. 4 art” 


« 
x » * · 
* — 2 


421) Cor. 8. As the arc AE: : ſine of AE: it radius: diſtance of 
the center of gravity of twice AE from F, or FH (425); but FG: 
=3xÞFH; therefore AE: 128 oe] AE: 1 C: its ſubtenſe EC) 

radius: FO. b | 

8 C H 01 T U M. 


432. The ee from the vertex, of the center of pity ofa: 
parabolic ſpace is equal to three fifths, and of a paraboloid to two 
thirds, of the axis; but theſe, and the moſt difficult propoſitions: 
upon the center of gravity, are beſt inveſt ou by Dnxinnale 
er ts | 


433+ "BM Tf one or more of the bodies. A, B, C, Ge. move m 
 formly in tlie ſame right line, with velocities equal to a, b, c, &c. their - 
common center of gravity will move uniformly. 


DEM. Let A and B move uniformly in the ſame, or an oppoſite, ; 
direction, P be their center of gravity, and D their diſtance: and 
becauſe the motions of A and B are uniform, D either continues 


the ſame, or enereaſes and decreaſes uniformly; but AP = 5 


and conſequently varies as D, and P moves uniformly. If another 
body C move uniformly in the ſame right line, and R be the cen- 
ter of gravity of A, B, C; the diſtance CP either continues the- 
ſame, or encreaſes and decreaſes uniformly, becauſe C and P move: 
 CPxG: 


AEBEC and conſequently varies. as 


CP, or R moves uniformly. QE. D. e 
5 1 | 434. Cor. 
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434. Cor. 1. The velocity of the center of gravity is equal t w- 


e for, let p, 1, a, ö, e, be cotemporary poſitions of 


P, R, and the bodies, and (407) 4 x A or x AA ＋ 27 — e 
| Ax Aar = BNB 
By or x by = == bp = Bb = =7+B * Pp, and Pp= r 
becauſe. A x 2 —B x bp =0.. And, placing Ar in P and 
repeating the aboye proceſs, it appears that Rr = = the. velocity of 

Ax Aa = B BI R 
R (106) r g es Ne hence again 
collected, that the velocity of R is airy becauſe A, Bb, Cc are 
conſtant, and conſequently their ſum, or difference, multiplied into 
the ſame given quantities, or the velocity of R, is always the ſame, 


' #V 
* — % 8 
4 


=P 


435. Cor. 2, Becauſe AFB OC x Rr = A x Aa=B x Bb 


= Cx Cc, the velocity of the center of gravity is ſach as would 


be communicated to the ſum of the bodies acted upon by : a fagos 5 


e I 


b = 
J 14 2 
F1 i 


1436. *Proe. it one or more bodies A, B, 8 G move at 
in right lines, either in the ſame or different planes, their common Cents 
ter of gravity S will move uniformꝶ in a right line. | | 


DEM. 


„This ohen is e very neatly, thoogh, e len n by the follow 
nnn Ot | AED 


C ASE I. Let two bodies move, in the Tame plane, 3 in the BroRions Dx, 4B; 3 let 
D-and 4, E and B be cotemporary poſitions, and H, K, the centers of gravity in thoſe poſi- 
tions, reſpeRively ; and taking I = AD, joining EP and drawing DL parallel to HK, 
DE;: AB. in the given ratio of the motions of the bodies; and, , becauſe the angle &DP i is 
given, all the angles of the triangle EDP are given, and DP is to P in a given ratio: byt 
PE: PL:: BE: BK, which is a given ratio, therefore BP: PL in a given ratio; and, be- 
cauſe all the angles of the triangle DPL are given, the angle PDL is given, and L is always 
in DL. By the nature of the center of gravity, DA; DH: : IK: PB or DA: DK; 
there ſore DH=LK, and DHKL. is a parallelogram, HX is parallel to DL, and the angle 


BHK is given, and the center of gravity X is always in the right line HR given in poſition. 


And, becauſe al the angles of. the triangles Coda ns DEE are given, the lines = DE, 


\, 


Z. 


FIG. 
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DEM. 1. Let B deſcribe B uniformly in the time 7, and P, 
be the centers of gravity of A and By and A B- 2 AB: AP 
: 4b: A: Bb: PR(EvUC.B.6.P.5.), and PQ is parallel to 
BB, and equal l and varies therefore as B or uniformly. 
Let A deſcribe Aa uniformly in the time T, either in the ſame plane 
with Bb, or not, and R be tire center of gravity of A, and B placed 


at 33 and IR, the path of the center of gravity, will appear, by the 
_ Ar with the above, to be parallel to f a, and equal to 


. E and conſequently it varies as 4a or encreaſes uniformly. 


When both bodies move at the ſame time, the point P will have 
two motions P Tand M. and will 3 deſcribe the dia- 
gonal PR uniformly in the time T (185). 


2. Let a third body C be added, and the common center of gra- 
vity be &, and C&S produced will paſs through the center of gra- 
vity of A and B (411). From the nature of the center of gravity, 
A＋ BTC: A＋ B:: CP: CS:: C C:: : ST, and ST 

| | | 4+B 


DL, chat is, 4B, DE, Hk, are in à gien ratio, and conſequently che paint K moves uni- 
formly in HX. The demonſtration ĩs the fame if our of the. bodies moves n. 


CASE II. Let the paths of the bodies 4B and DE be in different planes; and through 
B draw a plane Ee parallel to DE, and through DE draw the plane De E perpendi- 
cular to gde; produce BA to d, and let D d, Ee, be perpendicular to 4e, and the planes 
DAA. EeR, will be perpendicular to the plane e B. Let 4 and D, Band E be Cotempo- 
rary poſitions of the bodies. If the body at D were to move in 4e, the center of gravity 
would move uniformly in ſome line HK (caſe 1.); through H&K erc& the plane HKI per- 
peridicular to HBK. From fimilar triangles, and the nature of the center of gravity, 40: 
BD :: AH: Hd: RX: K.:: Bk: 1E; therefore 51 is the path of the center of gravity of 


the bodies moving in FB, DE. And, becauſe Dd: Hb: : Ad: AH:: Re: RX: : Ee or Dd: 


X, H= KI and 45 is equal and parallel to HK; therefore the center of gravity of the 
*bodies, moving uniformly in 4 B, DE, moves uniformly in 54. 


1 | 
CASE m.. The common center of gravity of two bodies and a third body, is either ax 
neſt; or moves uniformly in a right line; for two may be placed in their common center of 
-gravity, which was. proved to move uniformly, and the center of gravity of the three or more 
bodies. is proved, by the fame proceſs - as before, to move uniformly. 


CENTER or GRAVITY. 
TIES - P 
realen Tr, the motion of T aiſing from Hs motion, is equal to 


Ws FB _ 2 „ and itherefore vaties as N or uniforury (caſe 24% 
When A and B move together, the motions ST, TV, will be com- 


bined i into one, SY; and if C deſcribe, Ge uniformly in the time 7. 
the common center of gravity will deſcribe FT, and this new mo- 
tion, combined with SV, will make it ceferibe ST uniformly in- 


the time T. UB D. 


437. Cor. x. 111 is evident, that the a of the. center of 1 | 


L vity, ariſing from the motion of any on ne body Ys 18 alway 5 
to that of the moving body: P and 87 are parallel to H RR 
and TY are paratied to Aa and of Y to Cc. 


438. Cor. 2. The centers of gravĩity of two, three, &c. bas 


will deſcribe polygons or curves ſimilar to that of the moving 


body to which their motion is owing; and if the velocity of the. 


body be variable, the velocity of. each center will be variable ac 
_ cording to the ſame law. 


439: Cor. 3. The velocity of the center ref grauity of two, three, 
&c. bodies is the ſame as if they were placed in it, and acted upon 
by forces, equal to- the moments of the moving bodies, in their 
reſpective planes and directions; for B:ix B&== A+ B x PQ and 
Aix Aa = ATB AR; and if A+ B were placed at P, and 
acted upon by forces equal to B x Bb and Ax Aa in the planes 
and directions of B and An, they would deſcribe the — 


I 7 Rig) 


440. PRor. 7. * common center of gravity of two or mare bodies is 
not afetied by any ation of- the. bodtes upon each other. 


Dau. 


and varies 6 EP er wniformalyaagd far the me 
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De. Let A and B be two bodies in a ſyſtem, acting upon each 
other, & their cõmmon center of gravity, - and A4. Bb, the velo- 
cities loſt by A and gained by N reſpectively in oppoſite directions, | 
and Ax Aa=BxBb(3d law of . or A: BBB b: A: 
BG: A8: 6g: 40, or A: B:: B's diſtance from 25 center of 


gravity : 4's diſtance from it; and conſequently the ſame point G 


1s ſtill the center, of gravity of A and. B, or it has been immove- 
able. What is proved of theſe two, is is ws of Ty, two bodies, 
and therefore of all. QE. A. 5 


Ti = e 


= - if 4 4 1 * 3.3 -'4 — s — ( . 


* 4 vs ; 
A 4 4 


441. Cor, If two parts of a ſyſtem A od B, auld or „ 
each other, or moving with unequal rectilineal motions, diſturb 
each others motion by the force of their inertia, the center of gra- 


* will not be affected by, t their mutyal action. 


n 


1 ' 
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442. ber. ro, Bo ier a1 h Me arch oben the Ade 
line, in which their centers of grevily move, paſſes. 


through e 7 dh NN N 20 ＋I 221 


5 by * 
\ V 0 N "> *$-7% — - A, 4% 7 2 f EA = 
* >, L 1 , ww 4 WD - : 


443. Dep; The center of gravity of & Job ar Gex e Bauer, 3 = 
poſed to be without gravity, is 'the A Les nt. with that enter toben 1 


N obtains, "= un n „ e r 


R if two 85885 x and ” confiling of a y number of FIG. 
particles without gravity. 4 4, B, 65 and D, E,' Kc. be e 8 
connected to the right- ate pal ſing through” their Ae of 


gravi G and H ,. whic erpendicularly | impfeſſed 4 
i, the moments neee to theſe 1 8 are 1 Wa 


dhe 
as the diſtances af their centers of gravity from. the 1 Where 8 
e T Co Ns | 
4p 5 1118. $27 #4 <8: Nee 9 74 Pt. fi 
; ir 3ypnln $78 23 2,0 A. 2101 146 . 1181111 l! 


Diu OT) far of ie refiftances, of D ala 246 the action of 
F is D Fd+ExPFe (279) =; J+E x FE (497). and conſe- 
quently if d, e, b, be the reſpective velocities of D, E, and E. and 
D+E=Y be placed in H, Dx d Ex =TYxb; and for the 
fame reaſon 'A x a+ BXB＋L Cx C, &c. = Xx « g, ſuppoſing a, 6, 
c, g, to be the reſpective velocities of A, B, C, and of & collected 


at G. Let a fulcrum be placed at G, and becauſe F is in equilibrio 
| with 


dOoNNMUNIOAT TON o MO TIN 


with Dxd+ExeorTxb, P:Yxb::GH: FG, and if a ful- 
crum be placed at H, X X g: F.:: FH: G H. 1 ns 4 
*: FH: KG. QE.D. 


444. Cor. Becauſe : Y:: FHxT: FG xX: : Dx Fdd＋ ER 
Fe: ArFa+BxFb+6 x Fc, the velocities of & and H, and 
ol the points 4, B, C, &c. are the ſaine, whether the particles be 
placed in thoſe points, or collected in their centers of gravity G 
and H; and the effect is evidently the ſame, whether G and H be 
in the right line SR, or in P making an invariable angle with 
_ eat $ho lame © Gn ns from Fs direction. 


445. pave, If a aud 8 SU R, Oe of the particles 
A, B, C, D, &c. be impreſſed by a farce equal to F, acting in the plane 
-of the ſurface at the center of gravity F, an dane wit to a right 
ne SFR paſing through it, the particles will move with equal velaci- 
ties in directions parallel to that of F. 


DEu. Let the particles, on one ſide of Fs diraltion, A+B 
+ C, &c. = X be placed at their center of grav 2 G, and D＋ E, 
Kc. on the other ſide at their center of gravity E. and GF H la 
right line {411). But g. b:: Y x FH: Tx Fg 11: f and ; 
and the incipient motions of X and Y are alia to Fs direction 
{2d law of motion). Since X and I begin to move with equal ve- 
locities, in parallel directions, they are relatively at reſt, and con: 
ſequently will not diſturb each others motions; and becauſe the re- 
lative ſituations of the points A, B, C, &c. are always the ſame, 
they will move with velocities equal to thoſe of G and H, and in 
parallel directions. The effects are the ſame whether 4, B, C. &c. 
de in their real places, or collected in their centers of gravity 
(444); and the initial motions of G and H are not diſturbed by 
the mutual actions of the Particles (441). QE. D. | 


446. Cor. 


100 DIRECT IMPACT. 
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446; Cor. 1. If any particles B, C, &c. be not in oy a FI 16. 


SR, but on different ſides of it, their center of gravity will be in * 
(411), and their efforts, reſulting from their inertia, to diſturb the 
incipient motion of the particles, are meaſured by the products of 
each particle into its perpendicular diſtance from the plane SR( 279), 
and theſe being equal and oppoſite, and conſequently deſtroying 
each other, the particles will continue to move with their initial 
velocities. If a body therefore be impelled by any power F, in a 
direction paſſing through its center of gravity, its conſtituent 
particles will move with equal velocities, in directions parallel to 
that of F; and if the particles be equal, and their number , the 
velocity of 'each\ and of the center of gravity, is the ſame whether 
that center be impelled by the force F, or each particle by : a force 


equal to AY in the direction of + 


447. O68, 2. 10 che che Grote begs A upon eber bady 
. either moving or quieſcent, ' hen the right line joining their 
centers of gravity, and the lines in which they move, are in the 
ſame right line, the forces of impact and reſiſtance produce a 
change of n in each deux _ in this 6 Kd, or their impact 
is direct. 1 tt Oi, 10 


448. PRO.“ Let a body A, moving with a * * to a, in- 
pinge diretly upon B, moving in the ſame, or an oppoſite, direction, with 
@ velocity equal to b, to find their common velocity. | 


If A * B be en ( 3d law of motion) 44 Bb is the 
ſame before and after impact (where the higher ſign is to be uſed 
when the bodies move in the ſame direction, and the lower when 
they move in oppoſite directions,) and, becauſe they move together, 
if v be their common velocity, Aa BAT Bx v and v= 


A 5 | 
"743" 


449. Cor. 


* Newt. Cor. 3. ad leges motus. Maclaurin's Newt. Chap. IV. Rohault. Not. Part J. 
Ch. II. Art. 6. Helſham. Lect. V. and 1 Nor. Com. Petropol. Tom. XV1L, 


Page 315. 
Z 
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449. Cor. 1. The velocity, which A loſes byimpatt, is equal to 
the difference between its velocities before and after impact, or to 


4; and the velocity which B gains by impact, in the direction 


of A's motion, is equal to the difference between its velocities after 
and before impact, or to v.== 5.'''Subſtituting the value pf v, 


8 ALB Au B. BN = 
1 Der 
= 1, and, reſolving this equation into a proportion, AB: B:: 

Aa B35 

a=b:1. The velocity gained by B=g=v=b= AF, 
| Ao Bb == Ab==Bb — Axa 

N oo r r and A.. B: An 

r. From hence we have the GORE n : 


72 * 
Ti?) 8 7 & &3 5 þ 7 
; Fa \ & 


1.* The ſum of the bodies is to the ſtruck 1 as the differ- 
ence or fum (according as, they move in the ſame, or an ↄppoſite, 
direction) of the een before impact, to the e velocity, loſt by 
the ſtriking body.. Fowl a3 bc: 71 


0 118 14 i 9 $ : 17 : 


2. The ſum of the bodies: is to the Ariking hide! as the differ- 
ence or ſum of the velocities, before impact, to the velocity-gainod 
by the ſtruck body. 


4.50. Cor. 2: If A and 5 move in n Ippon directions with vela 
cities that are always inverſely as the bodies, their common cen: 
ter of gravity will not be affected by their motion; but, J and 
repreſenting t the velocities loſt by 4 and gained by B, are made in 
os 1 eben 
* Theſe rules are welke differently by che towing mon "I 


* f 8 A. 7 Yar. { 


1. AX I= xg (3d law of motion) and g = * but i 9 im- 
e e- Ai 


* 


A 
B 
23: l. 


pat) = g = b (B's velocity after impact) = 


and I ATB BB NK a 5. and A+ B:B: 


1 2 — and PERS er Pens — . . (becauſe the bodies move on together) 


ee = Ag + A * band J ＋ B xg = Axa Eb, and A+B: 4: ab: FL 


a DIRECT IMPACT, | 
oppoſite directions, and A x / Bx g or A: B:: : I, or and / 
are inyerſcly as the a and conſequently the velocity of the 


center of pars. of B is not affected ales mpact, and is, 
therefore, both þefore 204 — = their common 
velocity, v. C „Viv 


ky 175 KEY j C2 To #7 * 
. 3 3 * Ll 4 - + 3 > 
* 


41. PROP. V. A, moving with a yelocity equal to a, „ e * 


on B, moving in the ſame,” or a Pha ofite, 95 reſtion with a velocity equal 
7 


2 b, and A and be perfefth ly elaſtic, or one of them be perfettly hard, 
and the other frag elaftic, x Hind the velocity % by A (I.), and 
that 88 3 G). 


When and Baroinelſtc, 4. f. B: 1 and Yr: 
AE: At: a=zb: g; but. L= al, 


ieee therefore, d. By 2.8! 24 b:; . e 


B: 2A f : A: •ſ ann 3017 9110 


x. The ſum of the bodies is to twice the ſtruck * as hs 
difference or ſum of the re before _ 10 n WE 
loſt by the — body. + 0 5 


2. The fam of the bodies 3 is to twice the baking body as the 
difference or ſum of the velocities, er impact, to "Ow velocity 
mn by the Kruck EONS. Ne 1. | 


21 Cy FX N yr 6} 
15 * 3 3 4» by | Va - ky df þ fy; 2155. 


452. Cor- \ 1 B 47 75 PIE EN Pune e 


fore i in all PORE: elaſtic bodies. 4 25 4 an nd 0. A __ L 


».4 3; 445446 wo 3 4© A. 4 &f Vv 5 wu #@S» 34 i; a #4. 


„ 


453. Corts 2. fo 2 hw impact i 1s „ * 
between its velocity before impact and the — loſt, or to a 
2B x AS: IS 2 28 4 21 —_— ASD * 229 282 
FE HT TR TTINES. 
B's velocity ahi impact is equal to th (fam of its velocity before, 


1 2 2 and 
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and the 88 gained, or to = = 4 + EG E. ee e, 


DaB. 22 44 
or the hes move with eee velocities. | 


"=6, 


| L is leſs or greater 


"4 54. Cor. 3. . 4A rhe deter or r 1eſs than . 
+ 52 be to B. 48 


man @.==b, and, G. 8 or leſs hah, a a= . 


wto LT „ and =I, 


5 5 a 


455. Cor. 4. If there be any number of bodies A, B, C, D, &c. 
in geometric! progreſſion, enereaſing. or decreaſing, and A, moving 
with a velocity equal to a, communicate motion to B at reſt, and 
B, moving with the velocity gained, communicate motion to Cat 
reſt, &c. the velocities communicated to B, C, D, &c. will be in 
geometric progreſſion, decreaſing or encreaſing. For (4 51) 

AB: 2A::a: velocity of B | 

BC: 2B:: vel. of B: vel. of C | 

C+D:2C::vel.of C: vel. of D 624 10] 

D+E:2D:: vel. of D : vel. of E. "And, becauſe & B, c, 
&c. are in geometric! progreſſion, A + B:24::B+C:2B:: 
C+D:2C::D+E: 2D; and conſequently a : vel. of B:: vel of 
B: vel of C:: vel of C: vel. of D, &c. And if the bodies encreaſe 
or decreaſe in magnitude, a is greater or leſs than the velocity of 
B, or the velocities communicated decreaſe or encreale. 


3 

4 3. — 5 If PR number of bodies i in tc progreſſi on 
be equal to , 4: velocity of the laſt body : : 4+ BY=: 24; for. 
a: vel. of the laſt body in a ratio compounded of the ratios of "£232 
vel. of B, vel.of B: vel. of C, vel. of C: vel. of D, &c. each of which 
is equal to the ratio of AB: 2.4, and the number of ratios is 
equal to n— 1. The velocity of A. or a, is alſo to the velocity of the 
laſt body: : A+BxB+CxC+D,&. Ax Bx C. &c. (the | 
ey an of all except the 258 * 2 12 24 5 


457. Cor. 


By DIRECT IMPACT. 


437. Cor. 6. The velocities loſt by A., B, C, &c. are in geometric 
progreſſion encreaſing or decreaſing, according as as bodies de- 
creaſe or encreaſe ; for, 
 A+B:2B::a: vel. loſtby 4 
B+C:2C:;vel.of B: vel. loſt by B 
C+D: 2D:: vel. of C: vel. loſt by C, &c. 
But A, B, C, &c. being in geometric progreſſion, 4+ B: 2B:: 
B+C: 2C::C+D: 2D, &c. and conſequently a : vel. loſt by A 
:: vel. of B: vel. loſt by B:: vel. of C: loſt by C, &c.; therefore the 
ratios of the velocities loſt and gained are the ſame, and the laſt 
being in e — (456), the firſt are ſo too. | 


458. PROP, If there be three perfetth elaſtic bodies, A, X, Q. and 
A, moving with a velocity equal to a, impinge upon X at reſt, and X 
impinge upon Q at reſt, Q's velocity is the greateſt poſſible when X is a 
mean proportional between A and Q. 


DEM. Let 9.be the velocity of Q; and 4: : X+2 
4A X(456):: 4+X+Y+2 ; 4.4 (ſuppoſing 1 to be to & as to 
and conſequently AX: X:: Y+2; 2, and for 4+ X X x Q, ſubſti- 


tuting its equal "+ Q x X); and g = => £25, ED? and, a 


being given, 7 varies X<T 4 TN. 
| ſum is leaſt, or when X =; for A 2 being given, X x Tis 
given, and the ſum of two factors containing a given product is 
leaſt * whes they are equal. Q. E. D. 8 


459. Cor. 1. The velocity, communicated to 2, will be en- 
creaſed, by encreafing the number of bodies in geometric pro- 
greſſion, between it and A. and arrive at its limit when that 

2 


» Let the ws produgt be repreſented by che given rectangle 4B, contained by two un- 
equal lines AL, LB. Make the ſquare LE equal to the rectangle 4B and AL +4iB= 4D 
=2CM is _— re than 2ZM or LM + LF. 
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and is greateſt when their 


FIG. 
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number is infinitely great, and then a : givg:vA. Let 
the ſucceflive differences of the bodies be x, y. 2, &c. or B A+, 
C = BSH, DC , &c. and let their reſpective veloci- 
ties be a, b, 3 &c.; becauſe A+B:2A::a;b and B = 


Ax, by ſubſtitution, ALA: 24 or A2 At: a: 2 V: 


V A(31); B+C:2BorzB+y: :2B or B+ 2 B: th: rr . 


VB; and, for the ſame reaſon, C+5: 0:: *r 2 2: . VT. Ke. 


but a: d in a ratio compounded of hes ratios of a:b, b:c, c: d, &c. 
or their equals B: VA, V: VB, VB: VC, &c. or of the 
ſquare root of the laſt body to the ſquare root of the firſt (4 1); 


and conſequently 4: 9 :: „: V4. A. 


460 Cor. 2. Becauſe A * _> * 0, A: B:: G: I; but G and 
L are made in oppoſite directions, and are to each other as the 
ſpaces deſcribed by the bodies in the ſame time, and being inverſely 
as the diſtances from the center of gravity, this center will evi- 
dently not be affected by impact, but will continue to move with 
a velocity equal to v, their common velocity after impact when 
inalaſtic. This alſo appears from article 440. 


| 461. PROP, F two perfettly elaſtic bodies A and B impinge directly, 
the ſums of the products, reſulting from multiplying each body into tbe 
* of its velocity, is the ſame _ and worn impatt, 


DEM. Retaining the ſame notation, 4 — v = ut and 2a — 2 v 
T. and 2v== 2b = G; and conſequently A's velocity after im- 
pact is equal toa—2a+2v=2v—ga, and B's velocity = == 


+G=2v==6; but Ax Zz = c ＋ BX 2e D = Ax 4vx 
54 ＋ 42 ＋ BX AY Ax A ＋ B 52, becauſe 


1 | r and W e ENS =—03 
6 $3" * 


BY DIRECT IMPACT. 


B e o, or, multiplying this equation 7 e 
b e oe. QE. DP. | | 


462. Cor, 1. Whatever therefore be the number of elaſtic bo- 
dies A, B, C, &c, which impinge ſucceſſively, beginning with A. 
the ſums of the products, reſulting from the multiplication of each 
body into the ſquare of its nn are the ſame before and after 


n 


' 463. Cor, 2. The relative velocities of A and B are the fame 
before and after impact ; for, before impact, the relative velocity 
is equal to the velocity of A diminiſhed or encreaſed by that of 
B, according as they move in the ſame, or an oppoſite, direction, 
or equal to a π?᷑; and, after impact, it is equal to B's velocity di- 
miniſhed or encreaſed by that of A, or equal to 2 v - 2 u 
a= 4==0, the fame © as before OG | DE” 


464. Cor. 3. In this propoſition the force of elafficity is iv 
to that of compreſſion, and this obtains very nearly in ſome kinds 
of bodies, as glaſs, ivory, tempered ſteel, &c. and, in theſe, the 
conſervatio vis vivæ is | preſerved, or r the products of the bodies into 
the 


* This propoſition may be proved a little differently by the following proceſs : let p and 
g be equal to the velocities of 4 and B reſpectively, after impact, and A X ] i 2 
B x q= Ap (zd law of motion) and Aa 4p = Bg x Bb. But the relative velocities of 
A and gare the ſame before and after impact, or a6 p, and a =p =q=6, and, 
multiplying 4a = Ap into a= p, and By = Bb into g=e6, the reſults are 
Axa*s+ Apa T 
= Apa—Ap =B X #9 =Bgb 
; | = Bqb—B 4, or 


K* t BEB AN p. 


| EXAMP. Let the ratios of 4: B, | nd a: 4, be reſpetiively as 1:9, and 6:1, and, be- 
fore impal, f x f + BRXPS1 X x 36 + 9 X 1 = 45, and, after impact, 4 x p* = A x 


: 2BXa—b 2A Xa— 18 K 5 * 60 — 90 
— . and Bxg'= = Bxb + = WY "|; he rſt = 6292 [x ==) 


== 3]* or g, and the ſecond = 9x1 += 9 29S 36, 4 + B Xq* =45- 
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the ſquare of their velocities, are the ſame before and after impact. 


But in all bodies, endued with imperfect degrees of , the 
equality of theſe products 1 is not , | 


| ab 5. Pror. When either A or B 16 perfect ad; and the other's im- 
perfectly elaſtic, or when they both are imperfełily elaſtic, and the whole 
force of reſtitution is to that of compreſſion, as any 1 n: 1, 0 _ 
the velocities of A and B after _— | 


Bil. When A and B are inelaſtic, let the velocities loſt _ A and 
glined by B, reſpectively, by the force of impact, be / and g; and 
1: 1 :: J: l S the velocity which A loſes by the force of reſtitu- 
tion, and n1+]= 4's whole loſs of velocity. Let m=n+1 


and a —ml= A's er after impact. = (becauſe / = 4) 


= 7 . B's velocity after impact = erf 
1. * I. | 
66, Cor. 1 3 a FIFET — 1 wh 1 
4 1. r 1 * 1, ole 


loſs of "FP Wa =7 1 x 22 1 B 4 and conſequently A + B: 


z+1xB:;a=b: velocity loſt by A. And becauſe 2 +1 x g. 


| — Axa=-b | 
or B's whole gain of velocity, = n +1 ball RS FE 


x A:;a==b: velocity gained by B. 


467. Cor. 2 11 is proved in the ſame manner, as when the 
bodies were perfectly elaſtic, that the velocities loſt and gained, by 
a ſeries of imperfectly elaſtic bodies in geometric progreſſion, which 


are all at reſt, except the firſt, are in geometric progreſſion; for let 
1 


Bu DIRECT IMPACT. 


5 the velocities of A, B. C, D. &c. be a, b, e, &c. and 

Up Op N EIA : a3 
B+Cin+1xB::b:c 
C+D:n+1xC:c:4 

and becauſe A: B:: B: C:: C: D, &c. 

A+B: of gb 2 :B+C:n+1x8B:: C+DiFF1%G, Ke 

or 42671 26d, Ke. | Canes 5 


* 


468. cor. 2. If elaſticity be equal to the reſiſtance made to 
_ compreſſion, 2 I, and, — p and 9 for the velocities of 


4 and B after Snell p = 2 248. and q=mg=b. Let 
| elaſticity be 1, J, 4, &c. of the reſiſtance, or = 2 7 &Kc.; and þ = = 


— KN. „ . &e. and g=ig=6, 18 b, 5 


13; 


=, &c.: if Ps. A, BZ E and: 7 be given, the ratio of the re- 


lative velocities, or of a b: =p may be found; and v: v, if 
the ratio of the relative velocities, and 4, B, 4, g be known, the 


degree of elaſticity, or . may be found: for ane: 4 — A and 


— — 


q = ==b +'mg, and the nds of: eee I am) 


:a— bis a given ratio, and conſequently m (n+ I) is known. 


469. Cor. 4. The converſe of prop. (467) is s true, and if the 

products of 4 and B into the ſquares of their velocities, be the 
fame before and after impact, the force of reſtitution is equal to 
that of compreſſion; and generally if the products of A and B 
into that power of the velocity, whoſe exponent is any number v, 
be ſuppoſed equal before and after impact, the relation between 


| the forces of elaſticity and reſiſtance may be found: for a — 


| A 
=þ and == == 6 + To = q, and by ſolving the equation Ax + 


Aa —_ —- 


** 
—————— — 
o 
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DA 


| Bxblend x an ZE) + br ar, „ and conſequently 


n may be found. 


470. LEMMA. I 2200 ſperical bodies A and B move from A and B. 


* at the ſame time, with velocities which are to each other as a: b, or AC 


: BD, to find a plane that ſhall rouch both bodies at the point of 7 im- 
_ . | 


14 4 B, and deſcribe the i 4 whoſe ſides are ac | 


and AB; join DE, and from C, as a center, deſcribe a circular . 


arc, with a radius equal to the ſemidiaters of the bodies, cutting 
DH in L; draw LE parallel to AC, and EF parallel to the line 
joining C and L, and the bodies will at the ſame time be in E and 
F, and a plane perpendicular to EF will touch both bodies at the 
point of impact; for DE: EL or FC:: DB: BH or AC, and 
| DB: DB DE or BE:: AC: AC= FCor AF, 

| and DB: AC:: BE: AF:: hb: a, and BE, AF are 
therefore deſcribed in the ſame time by B and A, and becauſe EF 
== CL = the ſum of the ſemidiameters of the bodies, they will be 
in contact at P, with a plane perpendicular to EF. Q. E. I. 


47 1. LEMMA. i two ſperical bodies A and B inpinge obliquely, to 
determine the velocities 18 by A and gained by B, and the velocity of 
each After impatt, 


| Caſe K. Suppoſe AandB to be inelaſtic, and to meet in D, and 
[Lito be a plane in contact with both the bodies, and the velocities | 
to be FD and-GD. Reſolve each velocity into two, FL, and GM, 
perpendicular to the plane, and DL, DM, parallel to it: DL and 
DM are not affected by impact, and FL, GM, are directly oppo- 


B x GM 
ſite to each other. Taking therefore DH = 4xF EE 2 2 


FIG. C XXIX. 
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443), and D m, D! reſpectively equal to DM, DL, A and Bwill 
drſeribe the lines 77 DR reſpectively. 


Caſe 2. If A and. B. be either „„ or 1 elaſtic, they 
will be reflected, and the velocities DE, DH be equal reſpectively | 


2Þ x FL+GM, | 2Ax% FL+GM, 
to FL — = AXEB | and — GM ++ A (453): 


taking therefore Dm = DM and DI = DL, A will be reflected 
along DX, and B along DP; for the velocities DM, DL remain 


after impact, and theſe, compounded: with DH and DE reſpective- 


ly, will make A and B deſcribe the diagonals of E 
whoſe ſides are DE, Di, and DH, Dm. Q. E. I. 


472. LI MMA. To find the Henan crater of corrverfion of the 
particles P and Q without gravity, or a point about which the right 


line 8 R, adhering to thoſe particles, begins to revolve, when impreſſed 


perpendicularly by a force F, un at a point F which is nat the een. 
a” of n G. 


Let fas be a new YR of SR, ie near to the former, 
and the point & is evidently ſtationary whilft P and & deſcribe the 
ſmall ſpaces Pp and A?: but Qx FA: Px FP::Pp: 24 (443) 

: S Por SF FP: S Lor SF — F and Q FAN SF — Ax 

P x FP* +2 x FN 
F =P x FP* + Px FP x SF, and SF = Rx FR— Px FP 
_ Px FP* + 2x FD 
F Rx FG 1 


473. Cor. 1. . Whilſt Facts at the ſame point; the point & is always 
| Px FP*+9 x F922 
the ſame whatever be the magnitude of F, becauſe PF SF 


is a . quantity. 


474. Cor. 


@ Philoſ. Tranſ. for 1780, pag. 550, where this ſubject is treated with great perſpicuity 


tr Mr. Vince. 
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188 COMMUNICATTON ox MOTION 
474- Cor. 2. To whatever point of M the fame force F be 4 
plied, the incipient. motions: of & and P or X N Þ x Pp, are 
invariably the ſame (2d law of motion); and conſequently. the ve- 
locity of the center of gravity, or G g, is always the ſame as if both: 
Cs were placed at & and acted upen . the ſame force F fon 


= or 


FIG. 45 Cor. 3. If SUR be- . ares cope vf e 
CXLV. ticles 4, B, C, &c. and a force F act in the line PF placed in the- 
ſurface, and perpendicular to a line SG drawn through. the center of: 
gravity G, each particle will receive an impulſe 1 in a direction paral- 
| rl to PF (ad law of motion); and becauſe & is net affected by the: 
action of the particles upon each other, it will: move in a right. 

line (449), and the center of ſpontaneous converfion will be in! 

ſome point of the line SG perpendicular. to PF. Let S. be that: 
center, and the whole plane will begin to revolve about &. but if 

a force Qequal to F were to act in an oppoſite direction, all mo - 

tion would evidently be deſtroyed; and eonſequently the combin- 

ed force of every particle in the. ſurface (revolving round &, which, 
reſults. from the action of F., to make it revolve about F and: 
deſtroy the action of 2 would be equal to nothing, But the force. 
of any particle A = A x SA multiplied into the perpendicular 
| diſtance of its direction from F = AN, SAN Em or, becauſe (let - 
ting fall S a perpendicular to SF,) F. mn: Fn :: Sa.: SA. and F — 

— and A'x SA x. Fm.= Ax Fux SA A Sax H= | 


= AxSaxSF—AxSA?: and. by a ſimilar proceſs B x.$b xSF— 
ASA BSB &c. 


BNS B B's force: conſequently = = 


A 8a +BxSb&e,” | 
Ax SA, BxSB*&c, : 
= FCG If 8 be: the center of ſuſpenſion, F 


will — be the center of oſcillation (art. * 2), 


As. Cor.. 


By OBLIQUE IMPACT. 
476. Cor. 4. If pq be the next poſition of SR, and & be 


unequal motions of F and 9, becauſe their actions upon it, or 
Px pg and & 9 are equal and oppoſite, and the motion of & 
is conſequently rectilineal and uniform (iſt law of motion); and 
becauſe the incipient angular motions of P and Q about conti- 
nue to be uniform, it is evident that when the angle & Sg would 
become equal to four right angles, or P and Thave made one re- 
volution round g, Gg. the line deſcribed by the center of gravity, 
would be equal to the periphery of a circle whoſe radius is 5G, * 


477. PROP. Let a body B, be impelled by a force F, atting in the 
direction FD not paſſing through its center of gravity G, to define its 
motion. „ — 5 
Through G draw a right line SR perpendicular to FD. 
duced, and, if 5 be the ſpontaneous center of converſion of the 
plane ſurface SUR, every particle will receive an impulſe; and 
begin to move in a direction parallel to this ſurface (ad law of 
motion), and conſequently to revolve round an axis paſſing through 
S perpendicular to it. And if the parts of every ſection of the 
body; perpendicular to DH on each fide of the plane SUR; be 
ſimilar and ſimilarly ſituated, the plane of converſion SU R* will 
not be affected by either the progreſſive or rotatory motion of the 
particles: for their effects upon SUR, ariſing. fromi their progreſ- 
ſive motion, are as the 


from their rotation, being meaſured: by tlie produẽt 
into the diſtance from the axis, will: be in that 
and oppoſite to each other. Conſequently the- 


effects, ariſin 
of each partic 
plane, and equ 


incipient plane of rotation remains unaltered; and ifl a right line 
perpendicular to the plane SUR, every par- 
| | ticle 


be drawn through 


pro- 
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COMMUNICATION oF MOTION 


ticle wilt move round this line as an axis, "waa G moves uni- 
formly 1 in a right line. | 


458. Cor. 1. In a body, B. revolving by the action of a force im- 
pelling it in a direction not paſſing through the center of gr avity, 5 
the diſtance of the ſpontaneous center of converſion from the in- 
terſection of Fs direction with a right line paſſing through the cen- 
ter of gravity, that is, SD is equal to the ſum of the particles mul. 
tiplied into the ſquare of the diſtance of each, divided by B mul- 
* into SG. 


479. 3 2. Ax SA. = A SG" GATS s(Eue B. a. P. 12) 
B x SB? = B x S$G* + GB* + 25G x Gb 
Cx SC Cx FG + GC* + 2SGxGe 
DxSD*= Dx $G* + GD*—25G x Gd, &c. 
and, becauſe Ax 25G x Ga+ Bx2SGxGb+Cx2SGxGi—D 
x 286 x GD, &c. o, Ax SA* + BxSB*+CxSC? + Dx SD 
= A x $G*x GA* + B x SG* +GB* +C JG, 72, cz. 
| _Ax SG*+CA*+ BxSG*+ GB 
| SF=S —— eee 
therefore S e 2 „ &c. 
; | Ax GA? +BxGB* + Cx GC: 3 
&.; and FG == > prog pou of "IT | , &c:,. SG * OP: 


is ng to a yen quantity, or SG and GF vary inverſely. .AS eacha 
other. 


480. Cor. 3; Becauſe the velocity of & is. the ſame as · if the par- 
ticles were concentrated in G, and acted upon by the force F, the 
time of deſcribing the angle G Sg or 9 g⁊ is the ſame to whatever 
point F be applied: but, Gg being given, the angle GS g-varies- 
inverſely as S &, or directly as GF (laſt. cor.) . If different forces 
act at the ſame point, Gg, or the angle of rotation, will evidently - 
be as the magnitude of the force; and, conſequentiy, the angular 
velocity will vary generally as F x GF, or as the magnitude of 
the force multiplied into the perpendicular diſtance of the center 
of gravity from its direction. 


481. Prop. 


pr OBLIQUE IMPACT: 

481. es « Let à body, whoſe quantity of matter is Q: moving 
with a velocity equal to V, impinge pon the body B, in the direction 
FC paſſing through the center of gravity of Qi = the OP of 
rn, G, oy OY * 


Let g be the . of G, and 8 the Smt center 8 

converſion of B; and SG : S D:: g: velocity of D, which is there- 
SD x xg SD xg. 

fore equal to . —c5 is therefore equal to the velo- 


city loſt by 2 in the direction F 6. and (3d law of motiou) 2x 


2a 
ANN D UF. * 


48a. Cor. 1. If the bodies be perfectly elaſtic, the eeocity 0 of 0. 


22 
after impact, is equal to 5 X 18 ＋ "op S 


483. Cor. 2. Becauſe the velocity al 2, after impact, is equal to 


_QxYxSD "—_ 2xY x SD 
o B NT D 
BxV x SG 


city, when the bodies are inelaſtic, which is equal to A BSO 5 


V loſs of velocity, and conſequently Q's velocity after impact, 


when the bodies are perfectly elaſtic, is * to -= 5 55 5 


D 
— Bx$SC+2x5D SD * 


484. Cor. 
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that of D, or to ory or, ſubſtituting the velocity of g. equal 5 
is Ts loſs of velo- 


i 
! 
\| 
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Iv 22x7Fx 5G 28 | 
FNF BTA. Ls velocity = FEB F£x8D 


COMMUNICATION or MOTION, &c. 
484. Cor. 3. If FC paſs through the center of gravity G, of the 


body B, or the * become direct, & C SD, and G's velocity 
Vx 2x SD—BxSD 


= \ 8 2 and rules are deduced from theſe 1 which 
are e the fame as 13 _— impact before ee 


. 


os 5. cor. 4. Becauſe ge mT B * ( 3d law of motion), g= 


Deb. or the progreſſive motion of B is the fame upon whatever | 
point of B the body 2,impinges. 5 


486. Cor. 5. If I be the 9 of a body placed at D, 
which receives the ſame velocity from the impact of & that was 


communicated to the point D, and, conſequently, the velocity of 
5 n 


X | 
7, after impact, will be equal 5 8 = = ER 9G + V FD. and 
Y = 2x50 Hence if the direction does not paſs through the 


SD * 
center of gravity of Q find the diſtance of the ſpontaneous center 


of converfion of 2 s, and its center of gravity . 1, and a body whoſe 


magnitude i is equal to L*. =; ＋ impinging di cedly, would have the 


aer upon B, whoſe ei cpulequenty a may be eſtimated 
as above. 


* " X * 
* 
. PS I. 
. 


” % * * 
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487. Dee, * E center f cs if a Fw or 4 of bodies, i "ES 


a Point, which being ſtopped by an immo veable — 
the body or ſyſtem is perfettly quieſcent. 


4 If 4, B, a &c. be particles of a body or r bodies, whals centers of 


gravity are the points A, B, C, &c. connected by inflexible lines, and x 


moving with equal velocities, in directions parallel to any rightline 
DN, an immoveable obſtacle oppoſed to the center of gravity G in 
the direction ND will deſtroy all motion. For, when G is ſtopped, 


each particle will endeavour, by its inertia, to proceed in the line in 


which it was moving, with a moment equal to the product of its 
quantity of matter and velocity; and, if any plane be drawn through 
Do N, the effort of each particle to communicate motion to ĩt va- 
ries as its moment multiplied into its perpendicular diſtance (279). 
But, the velocities of A, B, C, &c. being equal, the ſums of theſe 
efforts to move the plane, on each fide of it, are equal (409), and 
being oppoſite they conſequently deſtroy each vther, and A, B, C, 
&c. are perfectly quieſcent. If different hodies, or particles of the 

ſame body A, B, C, &c., whoſe relative ſituation is unchangeable, 
revolve about an axis paſſing through any point &, and a plane 
be drawn through their center of gravity G perpendicular to the 

axis, each particle will deſcribe a plane parallel to this plane, 
their angular velocities will be equal, and their lineal velocities 

will be as their per * diſtances from the axis of ſuſpen- 
| fon, 


* Simpſon's Fluxions, pag. 210. Lyons's Fluxions, pag. 244. Emerſon's Mechanics, 
Sed. VI, 
Bb 


FIG. 
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FIG. 


CXLVIIHI. 


— —— — — 


CENTERS of PERCUSSION, 
ſion. And if, as before, a plane be drawn through G, parallel to 
the axis, the ſums of the moments of A, B, C, &c. multiplied 
into their perpendicular diſtances, on each ſide of this plane, are 
not equal, becauſe the velocities are not equal; and conſequently 
if G be ſtopped, A, B, C, &c. will not be quieſcent. But the late- 
ral efforts to move the plane paſſing through SG perpendicularly 
to the axis, being ſuppoſed equal, it is evident that the center off 
percuſſion will be in & G. 


488. PRor. Let A, B, C, &c. be particles off a body, revolving 
about an axis paſſing through the point S, itis e 40 find the center 


of percuſſion. 


Let A, B, C, &c. be the places of the particles reduced to the 
plane paſſing through S G, perpendicular to the axis, by let- 
ting fall perpendiculars from them upon it; and let A's mo- 
ment or [A x SA, becauſe its velocity is as SA, be repreſented 
in quantity and direction by Ap perpendicular to SA, and re- 
ſolved into two forces Aq perpendicular, and pg parallel to SG. 
The whole moment of A: its force perpendicular to SG:: A (A 
SA): Aq:: SA: Sa (lim. triangles), and Ag ELLER 
Ax Sa; and, ſuppoſing P to be the center of percuſſion, the 
efficacy of A to communicate motion to P is equal to its perpen- 
dicular moment multiplied into the diſtance at which it acts 


Ax S* P = AN Sax IPB Sm —= Ax Sa x - 


Ax SX SP Ax SA. By a ſimilar proceſs it appears, that 
the efficacy of B, C, &c. to communicate motion to P, is BX S5 
x SP - Bx SB, Cx SC CX Se * SP, &c.; and, becauſe P 
is quieſcent, theſe forces are equal on each ſide of i it, or Ax Sa x 
SP - AxSA* + BxS6bxSP—BxSB*=CxSC—Cx5Sc 


Ax, SA BSB CSC. 
* SP, and conſequently SP — Ax SSC Se „&c. 


Q. E. I. 


— 


489. cor. 


— 


GYRATION ann OSCILLATION. 
489. Cor. 1. Becauſe A x Sa+ Bx8b+Cx Se, Kc. = ABC, 


AxSA*+BxSB*+ Cx SC 
* G 9 P = 
Kee x (410), 8 ANN N 


490. Cor. 2. The diſtance of the center of percuſſion from the 
oo TS | AGA. BGB. CN. 
center of gravity, or GP 2 5 to A+ B+C, ke, SG 


&c. (479). 


491. Cor. 3. In the ſame body, or ſyſtem of bodies, A, B, C. 

' &. A+B+C, &c. S P = Ax CA'+BxCB'+Cx 

GC &c. SGxGP is alſo a given quantity, wherever the point 
ACA. BRG 


of ſuſpenſion be placed, becauſe "FT , &o. is given 5 


and if SG be infinitely great, or the velocities of A, B, C, ke. be 
equal to each other, GP is evaneſcent. | 


492. Cor. 4. If a circle be deſcribed from G as a center, with a 
radius equal to SG, and, the plane of motion remaining as before, 
the points of ſuſpenſion be in different points of the periphery of 
this circle, the diſtance between the centers of gravity and percuf- 


ſion will be invariable; for SG being given, GP is given (laſt cor.) 


493. cor. $: If plies» whoſe magnitudes: are es Pe 2525 


85 „&c. be concentrated i in P. the ſame ack velacity will 

be generated, in theſe particles, by a force F acting for a given 

time, and in A, B, C, &c. at their reſpective diſtances SA, SB, SC, 

& c. For, let X. T, Z, &c. be reſpectively in equilibrio with 4, B 

C, &c. and their moments are inverſely as their perpendicular di. 

ſtances (272), or Ax SA: XX SP:: SP: $4, and Ax SA X 
B b 2 x SP, 


— ——— 


— — 
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* 5 ., and X = 5 . By a ſimilar proceſs it is ; proved that 


BxSB .. Cx SC* 
75. and 2 SF 


1 


494. Cor. 6. A pendulous body moving with a given angular 
velocity, will have the greateſt effect upon another body againſt 
which it impinges, when the point of impact is the center of per- 
cuſſion; for in this caſe all its motion is communicated. But 
when the direction of impact does not paſs through this center, it 
will have a lateral motion, or endeavour to continue its rotation. 


495. Cor. 7. If the points A, B, C, &c. and G be reduced to any 
plane perpendicular to the axis, and the center of percuſſion be 
ſuppoſed to be in this plane, its diſtance from the axis of ſuſpen- 
ſion is found, by ſubſtituting the diſtances of their places in this 
plane from the axis, inſtead of SA, SB, &c. in the expreſſion 

AxSA*+ BxSB 1 | 


A+B, ans wel s 


m4 LEMMA. The velocity V, <a in a body who quantity 
F matter is Q: by the action of a conftant force F, for a given time, 
will vary as the force direttly and quantity of matter inverſely. 


DEM. Let J, Q. F., be variable, and it is evident that YV will be 
encreaſed and diminiſhed i in the ſame ratio with F directly, and in 
the ſame ratio with which the inertia or (pag. 63.) Lis diminiſhed 


and encreaſed ; or I var ies as 2 C. . D. 


497. Cor. Becauſe the velocity is ; equal to the moment of a 
body divided by its quantity of matter, if m repreſent the —_— 
of motion generated in a given time by F, or the numeral produ 

: | TE of 


GY RAT ION an»d'08CILLATION. 
of the velocity and 1 ef mattes in 1 OT body.? 7 —_ 270 


9 
11. 


ways be _ to 5 2 | 2 


498. PROP. V any conflant force F act, for a given time, perpen- 
dicularly upon the line 8 V, at the point V, and 8 and the Particles 
A, B, C, &c. e, grevity ir Gy are conneffed to an axrs 


ill be Fave. | 
hay „ee Ba ere 2 85 


5 ky I 
\ 22 — * & — : * 1 
1 +8 5 19 6 , r 
fo . * 4 2 
2 —＋ 122 —— 2 


—U— ũ2 — d 


bes 8 4 * 


DEM. "Supa particles whoſe renltiddcs are< Sp IF pe 


# +4 3. 


with A,B, 2 &c. HW 6090 1 ans conſequenitly equallyceſift : 


the action of ep But the velocity generated 1 in theſe particles, collect- 
r 


ed in V, is as = 2.496), ors 7; e 6 or as 


SY os 


| | Px Et 
AFP NE . AE D. oh 


499. Cor. 1. If u, as. before (497), repreſent the abſolute quan-. 

tity of motion generated by Fin a Pen time, then the velocity of 
mx SY 5 
e e e. 


500. Cor. 2. Becauſe all . deſcribe equal angles at the 
axis, in equal times, the velocity of is to the velocity of. 
A:: S: Sd, and the , of 4 velocity of Y x SA — 


ONE: cee. and by a ſimilar proceſs; the 
velocity. 


Ax. 6 


4.84 BNS. 
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LEAR: K SLS 8 


mx SW 2 8 
velocity of =; x SA* + BxSB*+Cx TG ce. 


cor. Ove, 4. . The 3 1 of a. body; * as its lineal 
velocity e, and diſtanee h the angular velocity of A, or 
mxSY _ 

B& == FA + Bx SB} UNd · 

of a body being meaſured by the quantity of matter and velocity, 

the ſum of the moments communicated to A, B, C, &c. will be 
TRI dF + ona (al & 

ARID + BXEF SE CRIT IEA 


4 


&c. And the moment 


t af 


502. Cor. 2 If 4, B, C, &c. be collected in any point L. the 
quantity of motion generated in them, in a given time, by the action 
of the conſtant force Fat is ; equal to EEE — of 
AXSA+BXSB+ Cx SC, c. S . 4 

7 + Cx 80 > &ce and Cone 
AXSA* + BXSB'+Cx SC, &c. , 
ſequently SL = LITE EN FF CSC, &c. but Ax SA 
＋ BxSB+CxSC= A+B +C, &c. X SG, and SL = 
ASA. +Bx SB＋ CXC. . 
=, &c., E 
jap prays "PPT Wi and L is the center of per 
cuſſion. If therefore any ſyſtem of particles be concentrated in the 
center of percuſſion, the quantities of motion generated in them, in 
a given time, placed in that point and at their reſpective diſtances, 
SA, SB, &C., by the action of F at any 2 V, are che ſame. 


(500) = 


SCHOLIUM. 


03. In the preceding propoſition and corollaries A, B, C, Kc. 
are ſuppoſed to be unaffected by gravity, and motion to be com- 
municated 
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GYRATION AND OSCILLATION. 
municated by ſome conſtant external force which is only re- 


fiſted by their Inertia ; but the rules inveſtigated are applicable 


when F is the force. of gravity, or that force acts in conjunction 
with F: for during an infinitely ſmall time the force of gravity 


may be conſidered as conſtant. If a ſyſtem of bodies A., B, C, &c- 


whoſe center of gravity is G, be ſuſpended from an horizontal 
axis paſſing through S, the ſum of their efforts to deſcend is the 
ſame as if they were collected in G, and they will therefore de- 
ſcend till S & be perpendicular to the. horizon. In- any other po- 
ſition of SG, let GL repreſent the force of decent in a direction 


perpendicular to the horizon, and be reſolved into two forces, GE 
touching the are, and EL in the direction of SG. EL is the 


tendency from , and GE is that part of the whole force of gravity 
which produces a rotation about S, and may be deemed conſtant 
whilſt G deſcribes an infinitely. ſmall arc, and is. to be added to, 
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FIG. 


CL. 


or ſubtracted from, F, According as they ne with, or oppoſe, 


each other. 


CH N TE R oF GYRATI ON. 


504. DBF. The center of gyration of a body, or fyſtem of bodies, A 
. C, Sc. is a point V, in which, if A+B+C, Gc. be collected, the 


ſame angular velocity will be generated, in a given lime, by any con- 


ant force F, acting at any point Vin @ given direflion, whether 
A+B * C, Sc. be collected in. V, or be at their > GP diſiances 


50 5. PROP. To find the center of gyration - the particles & A, e,. 


Sc. which are connected to an axis paſſing through. che Point 8 „ and 


preſerve their relative ſituation. 


Let SA, SB, Ty &c. be the -arpeilcatl diſtances of A,B, 6 


&c. from the axis; and, ſuppoſing the quantity of motion gene- 
rated by F, in a given time, to be n, their angular velocity is equal 
| : | | | to 


— — — — —Ü—Ü—Ü— —— 
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| wx SF 
19 AS BNB ue. (501); and, 1 


＋ C, &c. are concentrated in T, their angular velocity = 
mx SV. 11. 8 | | 
- But, from the definition of the center of 


ST. 


A+B+C, &c. x SN 
m x SV e — 


gyration, * Ai + EX SB, Kc. A+B+CxSY: 
AxSA* + BxSB* + Cx SC?, — 
A+ FB FT, &c. and SY = the diſtance 


AxSA*+B xSB* + Cx SC? 
of the center of gyration from S = * 2 EL C, &c. - 7 


„ and 


Kc. 


Fos. Cor. 1, If therefore p = a particle of a material ſurface 
dr body, B, d = its perpendicular diſtance from the axis of ſuſpen- 
ſion paſſing through S, the diſtance of the center of gyration from 
the axis is equal to the ſum of all the : E. 2 


507. Cor. 2. If any part 41 a ſyſtem of particles A. B, &c. be 
collected in their center of gyration, the center of gyration of the 
whole ſyſtem will continue the ſame; for the ſame force will com- 
municate an equal angular velocity to A and B and A B placed 
in their center of gyration. A, B, C, &c. may conſequently be 
conſidered as bodies of any magnitude, whoſe centers of gyration 


— 


are the _ A, B, C, &c. * 


508. Cor. 3. Becauſe A+ B ＋ C, &c. x SY*= Ax SA Bx 
SB. ＋ Cx SC., & = A+B+CxSGx8P (489), therefore 
S SSG x SP, or the diſtance of the center of gyration from 
the axis of ſuſpenſion is a mean proportional between the diſtances 


of the center of gravity and the center of percuſſion from that axis. 


509. Cor. 


GYRATION AND' OSCILLATION. 5 1 

309. Cor. 4. If a ſyſtem of bodies 4, B, C, &c. whoſe ſum == 2, | * 

connected as in this propoſition, be ſtruck by a given moment at 5 
the point V, in a direction perpendicular to a line SP, drawn from 
through the center of gravity and perpendicular to an axis 
paſſing through S, their angular velocity may be found: for, let T 
be the center of gyration, G the center of gravity, and the angular 


velocity of A, B, C, &c. is the ſame, whether Abe collected at 2; . 
x SG x SP 
or a body equal to N (489). or WL 575 be e directly | 


oppoſed to-the i impinging body at the point E. But ABC. 
&c: or Q being given, and alſo the quantity of matter and velocity 
of the ſtriking body, the velocity of may be found by the com- 
mon rules in the direct impact of bodies (449). And the arc de- 

ſcribed in a given time by Q and the diſtance SV, being known, 
the angle which it ſubtends may be found. The converſe of this, 
or the velocity of the impinging body, may be found, if its quan- 
tity of: matter, and & and its velocity, be given; 


510. cor. 5. In a given ſyſtem of bodies A. B, C, &c. whoſe 
center of gravity is G, if a circle be deſcribed from G as a center 
with any radius, and the center of ſuſpenſion & be in its periphery, . 


the diſtance of the center of gyration from & is always the ſame; 


Ax SA Æ＋ BSB Cx SC. &c. 
for S N = — e „which is a given 


quantity (412). 


; 511. Cor. 6: If the periphery of. a circle; compofed of the par 
ticles A, B, C, &c. were to revolve about an axis perpendicular to » 
its plane and paſſing through its center, the center of 'gyration : 


ABT &c. x rad.? - _ | 
ABC. . 
radius. The angular velocity is therefore the ſame as if all the 
matter were collected in any one point of the periphery ; and if 
all the matter in a gyrating body is to be placed in the center of 
gyration 2, it may be placed in any point of the periphery of a 
; 5 Ca. | circle 


| will bei in the periphery for Sr N 


| 
W 


cENT ERS or PERCUSSION, 


circle whoſe radius is S, or collected into two equal portions, and 
placed in two points . diametrically oppofite to each other, and 


whoſe diſtances from S = S; for then the center of — will 


be in 5, and there will be 1 no lateral motion. 


CENTER 'OF OSCILLATION. 
512. Dr. The center of oſcillation 9 of a body, or oem of bodies, 


A, B, C, &c. connected to an axis paſſing through 8, and moving by the 


ation of gravity, is a point, in <obich, if the body or ſyſtem be collected, 
it, and A, B, C, &c. placed at their original diſtances SA, SB, SC, 


c. will deſcribe ** angles at the axis in the ſame times, 


513. PROr. Suppoſe A, B, C, Sc. to be particles of a body connect. 


ed to an horizontal axis paſſing through 8, and acted upon by the force 
of gravity in a direction parallel to the vertical line SV, to find their 


center oY oſcillation, 


Let $SGO be drawn in the plane deſcribed by the center of gra- 


-vity G, and O be the center of oſcillation, and the lines SO, SA. 
SB, &c, will deſcribe equal angles at the axis in equal times, If 


the weight of A, which is as A (234), acted perpendicularly to S4. 
its moment would be 4 x SA: let this be repreſented by Ap, per- 
pendicular to the horizon, aud reſolved into two, Ag perpendicu- 


lar to SA, and 9 parallel to it, and this laſt being loſt, Ag is the 
_ efficient part of 4's moment. But Ap (Ax SA): A:: SA 


Ax SAx Aa 


: Aa (ſim. triangles) and A = SA = Ax Aa *; and 


the angular velocity of 4 generated in a given time is (501) 
Ax Aa 
Ax SA*+BxSB* + Cx SC. 


&c. By a ſimilar proceſs the 


angular velocities of B, C, &c. generated in the ſame time, are 


— BX 


* This follows immediately from (279), for Aa is equal to the ns omen let fall 


from the center of motion pon the . of . 4's weight. 


GYRA TION and OSCI LLATION. 
ANI FB Fe, Sc, e e e 


: When ABT C, &c. are concentrated in O, the angular — | 


A+B+C, &c. x Oo 
of O generated 1 in the ſame time, would be as Te 
O0 75 Ax Aa- BBH -C x Ce 


50.5 - (an. trian.): therefore . BSE Cc 
og. es: vio = A+ BC, &c. x Gg. 


="5G SO 
AxSA*4B SBC . 


and conſequently by ſubſtitution, SO =— A+B+C,&c.x5SG * 


514. Cor. 1. The diſtances of the centers of oſcillation and per- - 


AxSA* + B x 


cuſſion from the axis are equal, each being equal to 


$B2 +.C x SC* 
xSG 
 AxGCA*+ BxGB*? 
A+ B +<C, &c. 


each other. If SG be infinitely great, or A, B, C, &c. move with 
equal velocities in parallel lines, G0 is emen < or the centers 


of. 3 and oſcillation coincide. 


51 5. Cor. 2. If any number of particles be connected to an 
axis and revolve round it, retaining their relative ſituation, by the 
action of a force whoſe direction is in the plane of motion and 
perpendicular to the axis, the time of deſeribing any given angle 
is the ſame. as if they were concentrated in O and urged: in the 
ſame direction by the ſame force; and the points where the forces 
act are transferred from A, B, C, &c. to O. But in the center of 
gyration 7, the fame force is ſuppoſed to act at the ſame point, 


when A, B, C, &c. are placed at their * diſtances $4, SB. 
SC, — and nn in LF. 


Ce 2 — - 


ABC 
, Se and n SG x GO "qu is to 


„&c. (490), and 80 and Go are h as 
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516. Cor. 3. If A, B, C, &c. be bodies compoſed of any num- 
ber of particles, let J, n, u be the reſpective diſtances of their cen- 


ters of gravity, and p, 9, 7, the diſtances of their centers of oſcil- 
Ixpx A+mmxgxB 


ATB C, &c. 
: for let a, b, c, be particles of A, B, C, and x, y; 2, their 


lation from the axis, and SO: will be equal to 


+ 1*7-x C 
x SG *© 
reſpective diſtances from the axis, and, by this propoſition, SO = 
ſum of all the a x x* + ſum of b y? + ſum of c x 22 


SGxA+B+C 

2 | 
of all the LL E - 55 are reſpectively equal to HER N 45 and 
conſequently, the ſums of a x x* ＋ x y* + c 2 SN IN A+ 


g * Xx BTX A C, and $0 eee 


but the hs 


099% . If A. B. C, conſiſting of a number of particles, were 
. urged by a a. force Fat the point Y, as in (498): let , r, 5, 
&c. be particles in A, f, u, v, &c. particles in B, and x, 5, 2, &c. par- 
ticles in C, and A tr, &c., B = +u + v, &c. 1 Cx 
3 +2,&c.; and the velocity communicated to / in a given time is as 
F x SV 
| Tg ESE, &c.+ix5? TAN Nc. NS- Kc. Kc. 
but if P, p, æ be the centers of percuſſion, and G, g, y the centers 
of gravity of A, B, C, &c. reſpectively, then (489) | 

gx SPe+rx$87 +s$sx8,&. = SPxSGxA 
fxS1* + u x Su? UX Sv, &c. = SpxSgx B 
Xx S yd ＋ Ax S, &c. $7 x 85 x C; and the 
| f _ Fx SY: 
velocity of / is 25 FN AF 5 Br 


ll Proe. If O be the center of oſcillation when the axis of 
* ſuſpenſion paſſes through S, the point S will be the center g oſcillation 
when the axis of ſuſpenſion paſſes through O, the lone of motion being 


: nete to be unaltered. 
DEM. 


GYRATION AND OSCILLATION. 


Du. When & is the point of ſuſpenſion, the diſtance of the 
center of oſcillation from the center of gravity G, or G 0 = 


— +BxB&@+CxCC „ &c. (514); and when the axis 


A+B+C, + C, &c. x SG © 
paſſes through O, the diſtance of the center of oſcillation from 


—˙ EC » &c.; and conſequently 5G x 6 Oo 


6250 


2 Dx GO and SG 2 D, and the diſtance of the center of oſcil- 


lation from O SO. Q. E. D. 


519. Cor. 1. If two circles be deſcribed from G as a center 


with the radii GS and GO, the diſtances of the centers of oſcilla- 


tion from the points of ſuſpenſion would be the ſame in whatever 
parts of the peripheries they were placed; for SG, or GO being 


given, the other is given (491), and conſequently the times of 
deſcribing equal angles at the axis will be equal, if the points of 


ſuſpenſion be any where in theſe peripheries. 


20. Cor. 2. If the axis of rotation paſſed through the center 
of gravity G, and Y were the center of gyration, GY* would be 


| * 2 C* 
equal to L228 Ee 1 — (505) =.SG x GO, and 


conſequently GO is a third proportional to SG and GY. 


521. Cor. 3. Becauſe SG x GO is a given quantity, SG + GO 
is the leaſt poſſible when the peripheries of the circle, whoſe radii 
are SG and GO, meet in I, becauſe in that ſuppoſition S6 GO 
(note to 458). And becauſe in this caſe $O is the leaſt poſſible, 
the time of deſcribing a given angle at the axis is the leaſt poſſible, 


But becauſe GO encreaſes as GS in the time of deſcribing 
| a given 
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a given angle at the axis decreaſes and arrives at its limit when 
and & coincide in the center of gyration 7, and no point of ſu- 


ſpenſion can be aſſumed, where the time would not be greater 


than when the axis paſſes through 7. As G8 encreaſes from G 


to infinity, GO is diminiſhed without limit, and the time of de- 


ſcribing a given angle, —_—_— the axis TY Gough S.or O, 18 


perpetually encreaſed.. 


CHAP; 


hel a A 1 
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CHAP. XII. 


 RECTILINEAL MOTION or BODIES. 


522. LEMMA. [7 PF a fide AB of a right-angled triangle ABC be di- 
| - ** vided into very ſmall equal parts, Ab, bc, cd, de, 
&c. and rectangular farallelograms be deſcribed upon them about the 
triangle, the ſum of the rectangles is equal to the area of the triangle, 
oben Ab, b C, Se. are diminiſbed wwithout limit. 


— 


For the difference between the triangle and the ſum of the 


rectangles, is the ſum of the triangles Al mm n p fp˙Qr, &c. which 


is equal to 22 o when A vaniſhes. Q. E. D. 


523. PrOP.* Va quieſcent body be acted upon by a conſtant force in 
the ſame right tine, and any right line AB repreſent the time, and LM, 
perpendicular to it, the velocity communicated in the time AL, the ſpace 


deſcribed in the time AL will vary as the 2 A LM. 


DEM. Let AB be divided into very ſmall mi ——_ Ab, bc, 
cd, &c. and let the forces act only at tlie beginning of each part, 
and the velocity conſequently during each will be uniform. If 
the velocity communicated at A be repreſented by h n, the incre- 
ments communicated at 5, c, d, &c. will be each equal to 6m, and 
conſequently LM encreaſes in the ſame ratio with AL, and AM 


is a right line. But the ſpaces deſcribed in the particles of time 
| Ab, 


* Keil's Phyſics, Led. XI. Graves, Lect. I. Ch. XIV. a el Ch. VI. CL VIII. 
Cotes de Deſcenſu Gravium. Morgan's Notes to Rohault. Maclaurin' s Phil, Diſc. B. II. 


Ch. V. Emerſon, p. 5, &c. 


r 


FIG. 
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REC TILINEAL MOTION or BODIES. 
Ab, bc, cd, ef, &c. are as the rectangles Am, bp, cr, ds, &c. (107), 
and the whole ſpace deſcribed in the time A L, is as the ſum of 
theſe rectangles, which, when A 6, bc, cd, &c. vaniſh and the force 
acts inceſſantly, are equal to the triangular area (ALM). Q.E.D. 


524. Cor. 1. If the velocity and time be repreſented by V and 
T, and be divided into very ſmall increments “ and T', whoſe: 
number is n.  =n & and T=nxT. 1 


525. Cor. 2. If Y, T and v, f repreſent correſponding velocities 
and times, /: v:: T: t and © = 4 ; and, if for v a number of 


: 
feet uniformly deſcribed in ? ſeconds be ſubſtituted, Y = . — 


will be the number of feet deſcribed in: by the velocity. Y. . 


520, Cor. 3. Whatever be the magnitude of the conſtant force, 
the ſpace deſcribed, S, will be repreſented by a triangular area, 
and conſequently S, or the ſpaces deſcribed by the action of differ- 


ent conſtant forces, are generally as Y x T, and, when numbers are 


| | re 
ſubftituted for / and 7, S is equal to the product of E EE In 
the ſame conſtant force, the triangular areas ALM and ABC are 
always fimilar, and Y and TJ are directly as each other, and con- 
ſequently S is as / or T2. If therefore the time be Seidel lane 


equal parts, the ſpaces deſcribed in theſe times are as the odd 


numbers 1, 3, 5, 7, &c.; for the ſpaces deſcribed. in 1, 2, 3, 4, &c. 
parts of time, are as 1, 4, 9, 16, &c. and conſequently the ſpaces 
deſcribed in the 1ſt, 2d, 3d, &c. alone are as 1, 3, 5, 7, &c. 
| | | 527. Cor. 
This equation may be deduced from finding the ſum of an-arithmetic progreſſion : let 
and 7” be increments of and 7, and S=1+2+3+4...nxX FT Vr 
| 1 ＋ X 1 
2 


| (becauſe » is infinitely great, and conſequently vaniſhes compared with 2*)U = 
„ 
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527. Cor. 4. The ſpace which is deſcribed in any time T from 


a ſtate of reſt, is half of that deſcribed, in the ſame time, with the 


laſt velocity, V, continued uniform: for, in the firſt caſe, the ſpace 
__— 7 ( 526), and, in the ſecond, the ſpace = =YxT (107). 


528. Cor. TY E a body, projectel with any 0% be acted | 


upon by a conſtant force, in a direction oppoſite: to its motion, it 
will be uniformly retarded : for the force will evidently deſtroy 


equal parts of velocity in equal times. A body therefore pro- 


jected with the laſt acquired velocity, will aſcend to the point 
from whence it fell, and the velocities in the aſcent and deſcent 
are the ſame at the ſame point. And, if bodies be projected with 
different velocities and reſiſted by the ſame conſtant force, the 


time that elapſes, T, till the velocity be deſtroyed, will vary as the 


: velocity of projection /; the ſpace will vary as the ſquare of the 
time 72, or ſquare of velocity V; the ſpaces deſcribed in equal 
| portions of time, will be as the odd numbers in a retrograde or- 


der 7, 5, 3, 1; and, whether theſe retarding forces be the ſame or 


different, the ſpace will vary as Vn J, and be equal to — * 


SC HO LI U M. 
529. At the ſurface of the earth the force of gravity is conſtant, 


for a body deſcends through 165 feet nearly in the firſt ſecond, and 


conſequently acquires a velocity that would make it deſcribe 322 
feet uniformly in 1”; and this 1s found to be the velocity commu- 
nicated in every ſucceeding fecond. . Any of theſe quantities, 
ſpace deſcribed S, velocity acquired, or time T, being known, the 
others may be diſcovered. | 


7. The proper onſite of velocity is the ſpace uniformly de- 
ſcribed by it in any given time: if therefore a body fall by the 
force of gravity for “, and acquire a velocity which would make 

Dd | it 
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RECTILINEAL MOTION or BODIES, 
it deſcribe / feet uniformly in 1”, and 32 are the proper mea- 
ſures of the velocities communicated in?” and 1” (106), and /: 


32 : 7“: 1“ (525), and Y= za x T. If 7==2, 3, 4, &c. ſeconds, 
Vr 2 x 32, 3 x 32, 4X 32, &c. feet reſpectively. | 


2. If Y, or the number of feet uniformly deſcribed in i”, by the 
velocity acquired in falling for an unknown time, be given, this 


time may be found; for it is equal 2 ſeconds, | If 2 = 12 feet, 


the time of falling %- == 32 . 


mY KY be the ſpace deſcribed i in falling C, 16: :: 12: 7 ( 526) | 
and 7= 16 * feet. If 7 = 2, 3, 4, &c. ſeconds, T= 16 „ 22, 
16 x 32, 16 x 4*, &c. feet reſpectively. Or Y may be found by 
knowing the velocity (/) at the end of the A for T: 16 :: 
Vz: 322 and T= 3 a 
; 3 [ 74 _— 4 x 16 


— 
. 376 feet. 


57 feet, If Y = 192 


feet, 


4. If Y, or the number of feet deſcribed in falling, be known, 
the time of deſcent, and velocity acquired, may be found; for 


F 


7.16 *, and conſequently 7 2 1 1 7 r 1 feet, f= 


V 576 76 — — = 6 ſeconds. And becauſe 16. 2 VT x 8. 


1f7'=g76 fr beben. 43 


530. PROP. If bodies be acted upon by di eren conflant forces, the 


velocities communicated will vary in a ratio compounded of the Forces 
and times. 


Let 


RECTILIN EAI. MOTION or BODIES. 


Let 5, V, T, repreſent force, velocity and time, and be ſuppoſed 
variable, and it is evident that the velocity will be encreaſed and 


diminiſhed in the ſame ratio with both the force and time, and, 
theſe being independent of each en, vill be as Fx T. Jo D. 


531. Cor. 1. V therefore is as F x T, 4 if F be compared with 
the force of gravity f, or any other known force, capable of gene- 
rating a velocity equal to v in the time z, then V: v:: F T: fx, 

= FX T | 


. 


2 Cor. 2. Becauſe, in all conſtant forces, the ſpace waries 


generally in a ratio compounded of the velocity and time, and the 
velocity varies generally as the force and time; the following, ana- 


logies are general: 


S is as V x 7, or as Fx Ta, ers, 


| p 4 
T varies as 77+ Or as of ; 


varies as 5 or as VSxEF; and 


© Vz 
F varies as Fo or as 2. or as — F 
If numbers be ſubſtituted for V, F, and T; or * number of feet 
deſcribed in a given time 1, by the action of any conſtant force F, 
be ſubſtituted for the force; the number of feet which would be 
uniformly deſcribed in this given time 1, by the velocity acquired in 
the time T, =/; and T = the number of parts of time each equal 
to 1, contained in the whole time in which the velocity is com- 
municated: then (106) / and 2 F are proper meaſures of the ye- 
locity acquired in the times T and 1, and J: 2 F:: T: 1 (525) and 


V2 pb, and ſubſtituting this value of Y in the general equa- | 


©. — ), the following general equations, are deduced: 
D 4 2 - oo 


tion (S = 


211 


5 

} 
! 
1 


_— — — — — — — * 
— * —— ode 
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S e en Fx 1 25 feet; 

2 47 
Ta 5 = aud * of time,cachofwhichi isequalto1;and 
Wax ts VS x iÞ feet. 


533. Cor. 3. Theſe equations and analogies are applicable to 
all accelerating and retarding forces, ſuch as gravity, and to all 
reſiſtances that are conſtant and produce equal decrements of ve- 
locity in equal times, If the motion of a ball ſhot into a bank of 
earth or piece of wood, be uniformly reſiſted, and the magnitude 


of this reſiſtance compared with gravity, and the velocity of im- 


pact, be known; the depth, or ſpace through which it moves be- 
fore all motion is deſtroyed, may be diſcovered; and vice versa ®. 


$34. PROP. If a body deſcend down an inclined plane AB by the 
action of a conſtant force F, whoſe direction is perpendicular to any right 


line BC; F will be to that part of F which makes the uy deſcend, as 
the radius to the Ane of the Plane s inclination to BC. 


DEM. Let any given line LM, perpendicular to BC, repreſent 
the conſtant force F, in quantity and direction, and be reſolved 
into two forces, LN parallel, and MN perpendicular, to the plane; 
MN is deſtroyed by the reſiſtance of the plane, and LN is the 


only part of F that communicates motion to the body; therefore 


* EXAMPLE. Suppoſe a ounces were equal to the refiſtance of gravity F, when a 
body is projected perpendicularly upwards, multiplied into any number x, and all mo- 
tion were deſtroy ed in z”, then & (being equal to the force multiplied into the ſquate of 
the time) ==nX16x, If the velocity of projection were ſuch as would make a. body 


vel. es e 
deſcribe F feet in a ſecond uniformly, then & (being equal to 75 — TX 1 16 


L 


W fe . 8 . 8 ; 
= of If the ſpace deſeribed and force b: |: nown, then the time is equal to- 3 


and the velocity = $ x n X 64. ſeet. 
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P: that part of F which makes the body move (4) :: LM: LN:: 
AB: e * 2 ; rad. : fin. of ABC. — D. 


535. Cor. 1. P is to . part of F wheh is deſtroyed by the 


reaction of the plane as LM: MN :: AB: BC (ſim. triangles) :: 
radius: col. 4 ABC; and conſequently the part of F, deſtroyed by 


the reſi ſtance of the plane, = 2 ELEC which 1s conſtant 


upon the ſame, or parallel, planes, and upon different planes, not 


if F be given. 


: parallel, varies as the ag ;! 


536. Cor. 2. Becauſe the accelerating force LN —=A= nn 


and F is given, A is conſtant upon the ſame, or parallel planes, 
and, upon different planes, inclined in unequal angles to BE, it 


varies as the height divided by the length, or as 25 n H the 
perpendicular height and L the length. 


537: Cor. 3. Becauſe the force upon the ſame plane is conſtant, 


the analogies and equations in (526) are applicable to the motion 
of a body upon the ſame plane; and the analogies and equations 


in (532) obtain when bodies move upon different planes. If BC 


be horizontal, and F be the force of gravity, then the ſpace de- 


ſcribed upon. the. plane in 1. S A 
2 7 7 y 

(536) e ee 

% 


feet; and 1“ 32 SHE 7 Va 


538. Becauſe the hen deſcribed. is generally as the force mul- 


 tiplicd into the ſquare of the time ( 532), the ſpaces that are 1 
eac 
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each other as the forces muſt be deſcribed in the ſame time; or 
when & is as F, Tis given. If therefore two bodies deſcend at the 
ſame inſtant, one down the plane A B, and the other in AC per- 
pendicular to BC, and CP be drawn perpendicular to AB, P and 
C are cotemporary poſitions of the bodies; for AP: AC:: LN: 
LM :: A: F, that is, the ſpace is as the force, and T* and T are 
given. If the diameter A D of a cirele be perpendicular to the 
horizon, a body will deſcend through it, and any chord AP drawn 
from its extremity A, in the ſame time, becauſe the angle AP D 
is a right one; and the times of deſcent through all the chords 
drawn from A are conſequently * to each other. 


539. Cor. 5. The velocities hired in falling down different 
inclined planes, are as the ſquare roots of their perpendicular 
heights ; for V is always as the ſpace multiplied 1 into the force, or 


as Lx A, ores EH (536), or as H, and is as VH; this alſo 


follows from art. 537. The velocities therefore acquired in falling 
down the perpendicular AC, and any planes AB, AE, AG, &c. 
drawn from A and terminated by the baſe CB, are equal to each 
other. And becauſe is always equal to 2AxT, and in this 
cor.“ is given, the times of falling are as the forces inverſely, or 


as the lengths of the planes. Or becauſe & is as Y x T, and is 
given, T is as &, chat! 18, As "the: Wein | 


540. Cor. 6. The times of deſcending through different planes 
are as the lengths directly and ſquare roots of the heights in- 
verſely; for the time is generally as the ſpace 8 5 directly 


and laſt velocity inverſely (532), or Ti is as 5 or as = = (laſt cor. ); 


this alſo follows from art. 537. The times Ges of deſcribing 
different planes, equally inclined to the direction of F, are as the 
ſquare roots of their lengths; for Eis as L {lim, triangles), and 


conſequently ST is as A or as V L or N 
| =: > 541. PROP. 
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541. PROP. The velocity acquired in falling drum any number of 


g contiguous planes, ſuppoſing none to be iff in paſſing from one plane to 
another, is equal to the e 1 red in fallivg down the Jos — 


fendicular altitude. 


Dull. The velocities acquired in | falling down AB and EB, 4 B 
+ BC and EC or PC, AB+BC-+CD and PD, or down the 


perpendicular PR, are equal (539). QE. D. 


542. Cor. The velocities, acquired in falling down any ſyſtems 
of planes, are therefore as the ſquare roots of their perpendicular 


heights ; and if the body be projected from D with the velocity 


acquired, it will aſcend through this or any other n of e 
to the ſame perpendicular altitude. TH | 1 2 


543. PRop, The PE 5 ff in va pa any „ fee l Yo the next, 
7s to the whole ehe as 7! er 2 the N * their inclination Fo the 
radius. 5 - | | 


DEM. Let CB repreſent the velocity acquired in 1 falling down 
AC, and be reſolved into two, CP coincident with the plane CD, 
and BP perpendicular to it; and this laſt is evidently deſtroyed 
by the reſiſtance of the Plane: but BP: CB: ſin, of PCB or 
PCA: radius. Ws _- 


| _ Cor. 1. 0 08 apon the plane CD)::: radius: 
_ eoline of 4 PCB or PCA. If the angle AC D become equal to 
two right angles, or 40 D be any circular arc, CP and CB coin- 
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cide, or the velocity loſt is equal to nothing; and conſequently a 


body moving in any circular arc ſuſtains no loſs of velocity by 
changing the direction of its motion; and a body, projected with 
the velocity acquired, up any curvilineal arc, will rite to the ſame 
n from whence it fell. 


545. Cor. 


| 
iF 216 


FIG. 
CLVII. 


RECTILINEAL MOTION or BODIES. 
545. Cor. 2. If ACD be any circular arc, the velocity acquired 


in falling from A to D 1s conſequently equal to that acquired in 


falling through the ſame perpendicular height; and the velocities 
acquired or deſtroyed in deſcending or aſcending through two 
curve lines are as the ſquare roots of their perpendicular altitudes: 
for every curve may be conſidered as conſiſting of an indefinite : 
number of inclined planes. 


546. PROP. The times of deſcribing two ſyſtems of inclined planes 
ABCD and abcd, whoſe number, inclinations, and ratios of their 
lengths are the ſame, are to each other as the ſquare roots of the lengths 
of the planes. 


DEM. Becauſe the planes are equally inclined to the direction 
of the force, the time of falling down AB is as AB (540), or 
as VEB, or VEC (hypoth.), or as the time down EB, or EC; and, 
dividendo, the time of falling down BC, after having fallen down AB 


or EB, is as V AB; conſequently the time of falling down AB 


| +BCisas VAB, or as V AB + BC, &c.: for from the ſuppo- 


ſition V AB : Vab: : VAB+BC:Vab+bc,&. Q.E.D. 


547. Cor. 1. The times of deſcribing ſimilar parts of ſimilar 
curves, equally inclined, in ſimilar parts, to the direction of the 
force, are as the ſquare rocts of their lengths. 


543. Cor. 2. If two bodies vibrate in ſimilar circular arcs, the 


times of performing theſe vibrations are as the ſquare roots of the 


lengths of theſe arcs, or as the ſquare roots of their radii. 


SCHOLIUM. 
549. In the preceding propoſitions and corollaries, inclined 
planes and bodies, deſcending or aſcending upon them, are ſup- 
poſed to be without any aſperities upon their ſurfaces, and the 


— are ſuppoſed to move by he action of a force in a given 
direction, 


FIG. CLI. 


9 „ 
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direction, without any retardation from friction, or rotation about 
an axis. In this ſuppoſition, the tendency of each particle of a 
body to deſcend, when impelled by the force of gravity, is equal to 


the particle multiplied into 2. and the — of the 1 W is 


equal to V x = and is the ſame as Xi it were colleted i in its cen- 


ter of gravity. But if the parts of and the inclined plane ad- 
here together, the force of this adheſion muſt be eſtimated and 
allowed for in practice. If /w be a ſpherical body, and the parts 
of its ſurface in conta& with the plane adhere by the preſſure of 
 W apon it, their tendency to deſcend will be diminiſhed by this 

adheſion, and conſequently they will be regreſſive with regard to 
the center of gravity G, and revolve round it. The abſolute ve- 
locities of different particles in V, and conſequently their accele- 


rating forces, are different; and the tendency to deſcend of the 


center of gravity 1s diminiſhed by this motion of rotation round 
it. The angular velocity of every particle round G is the ſame, 


and the ſame as if all the particles were concentrated in their cen- 
2: 


W x.G Y 
ter of gyration 7, or a body whoſe magnitude i is —G 47 were 


collected in 4 (498). | 


550. PROP. S uppoſe the ſame ſpherical body to flide and roll down 
the Wei inclined plane, to al the ratio of the forces acting upon it. 


Fr om the nature of the circle, the initial regreſſive velocity of the 
point A is equal to the progreſſive velocity of the center of the ſphere, 
or center of gravity G; but the regreſſive velocity of a body whoſe 


magnitude i iS LL Joes at 5008 ſcholium), would be deſtroy- 


ed by the action of a force i in a contrary direction equal to + 1 and 


in this caſe G would not be impeded by the regreſſive motion of A. 


but G and A would ſlide down with equal velocities ; conſequently 
| 1 e the 


oo 


— ——— : — CCC — EI * 
— — 5 —— — 
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the force acting upon when it ſlides: the force when it rolls 


H „ E = 
down the plane :: W + "GH VX. QE. I. 


551. Cor. If the center of gyration be found, and GY, and 
GA be expreſſed in numbers, the ratio of theſe forces will be ex- 
preſſed in terms of the weight. 


SC HOLIU M. 


552. In the communication of motion by the external applica» 
eation of forces ſuch as impact, protruſion, &c. their magnitude, 
or capacity to communicate motion, is not always meaſurable by 
their cotemporary effects; but in this chapter every particle of 
matter is ſuppoſed to be impelled by a force, ſimilar to that of 
gravity, with the ſame intenſity in parallel directions, which wilk 

_ conſequently communicate the ſame velocity, or change of velocity, 
to bodies of different magnitudes, whether quieſcent or moving. 
The magnitude of theſe forces at any inſtant, or the magnitude of 
their accumulated action, is meaſurable by their cotemporary effects, 
or by the velocity generated or deſtroyed in equal times; for the. 
increments or decrements of velocity, produced in equal times, by 
the ſame conſtant force, being equal, the whole velocity is en- 
creaſed or diminiſhed uniformly ; and when the forces are unequal, 
the changes of velocity being as the forces, it is evident that the 
velocities are proper meaſures of the intenſity of forces, and will 
vary as the forces multiplied into the times in which they are ge- 
nerated or deſtroyed. And the magnitudes of variable forces, 
whoſe intenſities and cotemporary effects are perpetually encreaſed 
or diminiſhed, are meaſured at any inſtant of time by their con- 
ſtant action at that inſtant, or by the velocities which they would 
produce in the ſame time were their intenſity conſtant. during 
that time; and the magnitude of their accumulated actions for 
any finite time 1s meaſured: by the addition of theſe cotemporary 
effects, | | 


553. PROP. 


\ 
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45 3- *PROP. J F. V, T, repreſent any finite variable force, velocity 
and time, reſpectiveiy, and V, I., be any 5 changes of V end T,. V- 
will vary as F x T. 


DEM. The force F being oa finite, and being ſuppoſed to 
encreaſe or decreaſe according to the ſame law, an encreaſe or di- 
minution of it in any finite time muſt be finite, and conſequently, 
in an infinitely ſmall time, evaneſcent compared with the whole 
force E, which therefore may be conſidered as conſtant during the 
time T in which Vis generated or deſtroyed; therefore (530) Y 


varies as Fx T. QE. D. 


554. Cor. 1. If 7 be the fluxion of the velocity, or the change 
of velocity generated by Fat any inſtant, ſuppoſed to act con- 
_—_— for any time 7. will therefore vary as Fx F. 


555. Cor. 2. 7 is therefore as E and F as 4 and the relation 
of wy two being known, the other may be found; and becauſe 7 


is as: 5, VYisas Fx S. 


5 1 ProP. F any right line AS — the time, and OR be as FIG. 
the force at any point O, the change of velocity at O Twill be as the area AR. CLX. 


De. The 1 of velocity V is as Fx J. or as AB x Ap 
or as Ag; and the next increment of velocity is as ps, and the 
ſum of the increments, or the whole change of velocity, is as the 

ſum of theſe areas; n the velocity communicated i in 
the time AO is as AR. * 


| 

887 "Boy 1. If the time in acquiring any given velocity be | | | 
known, and the areas AR can be ſquared, the velocities commu- : 1 
nicated in any other time 40 * be found; and vice versa. _ 
558. Cor. 1 


„ Newt, Prin. Tom. J. Sect. VII. Fuler s Mechan. Ch. III. 
E e 2 | 
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558. Cor. 2. If the force F be finite, and the time Ap infinitely 
Tmall, the increment of velocity, 7, is evaneſcent; becauſe A B x 
Ap Da finite quantity multiplied into one that is evaneſcent o; 
and tonſequently the increment of velocity, or V, is infinitely 
ſmall, and no finite change of 9 can be generated by F in 

an inſtant. | | 


559. Cor. 3. If the body end or deſcend, and the velocity be 
as the time in which it is acquired or deſtroyed, the force is inva- 
riable; for, from this propoſition, the change of velocity is as 
AR, or as AO (hypoth.), and conſequently AR1 is a rectangular 
parallelogram, or OR i Is conſtant. 


FIG. 560. PROP. FPO te FN ſpace deſcribed by the action of 4 

0008 force tending to S, and the ordinate OR be the relative magnitude of 
the force at the point O, the velocity, V, . at O will my in a 
1 wa ratio of the a ng area PR. 


DEM. Let y, F, S, be the velocity, 13 and ſpace deſcribed, 
reſpectively, and becauſe V is as Fx T (554), and T is as >; VV is 


. : 2 | 
as Fx &, or as PBx Pp, and the fluent of VV, or * as 
the fluent of PB x Pp or PR, and is as 0 PR. Q. E. D. 


561. Cor. 1. If x be the diſtance of the moving body from the. 
center of force, S, and the force be as any power of the diſtance, 


whoſe exponent is 2— 1; V is as Fx —x, or as — ., and 
x 


R — x : | | | 
2 4 Pg X correction: but when Y =o at P, x SP 


. ** : | . : 5 o | ? 
and 7 = 7 > therefore the correction =E, and Vis as V p"—x* 


562. Cor. 
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562. Cor. 2. If the force be conſtant, or a = 1, then being 


as VP—x" is as Vp — x, or in a ſubduplicate ratio of the ſpace. 


deſcribed, either in acceding to & from a ſtate of reſt, or receding 
from & till the velocity be deſtroyed. The fluxion of the time 7 
is as the fluxion of the ſpace directly and velocity inverſely; or as 


— K 55 ** 9 
| Tan OT and Tis as and when T=0, 
x =, and = Wag : 0; therefore Tis as the ſquare root of the 


my deſeribed from reſt, which coincides with. art. 526. 


563, Cor. 3. If the 8 vary en as the diſtance, or a = 2, 


then Y varies as Vp? — x2, or as the right ſine of a circular arc, 
deſcribed from & as a center, and radius equal to SP or P, whole 
verſed ſine is the ſpace deſcribed. And — this circle, the 


g 1 Oo 
fluxion of the time T 1s as 2 or as GN, or as 5 = (6m. triang, ; 


and the fluent T is as the fraction . ng is. a conſtant quan- 


tity. If the force therefore vary directly as the diſtance, the times 
of deſcent to S from a ſtate of reſt are equal wherever P be taken. 


564. Cor. 4. If the force vary inverſely as any power of the di- 


ſtance, or ꝝ be negative, or leſs than 1, let yo power be expreſſed 


3 
by the number — n 1; and / is as 2 =— — xp" 0 
PF 1 7 If the force be inverſely as the diflancy or #-= o, 


this expreſſion does not ſhew the variation of velocity. If the force 
be inverſely as the ſquare of the diſtance, or ml, Vis as bd rom. -} 

vVmxpx 
or the velocity is as the ſquare root of the ſpace deſcribed directly. 
and inverſely as the ſquare root of the diſtance from Ss. 


A 5. Por- 


22 
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222 


FIG. 
CLXIII. 


RECTILINEAL MOTION or BODIES. 


565. PROP. F the ordinates PB, AL, OR, be always proportional 
fo the forces at thoſe points, and the force at A, continued conſtant through 
the ſpace AM, communicete a velocity, V, equal to that acquired by the 
body at O, deſcending by the variable force, the area PR will be equal 
to the rectangle AN, and the body muſi have fallen from P. 


De. Lets and 7 be the fluxions of the velocities communicated F 
by the variable and conſtant forces reſpeCtively, in any periods of 


their deſcent ; and &: J:: 2 : EE - * (555), 


and vv: VV: : PB PO: ke and, taking the 
fluents, vz: Y* :: PR: AN. If therefore v =, the areas PR 
and AN are equal, and the body muſt have fallen from P. 


Q. P. 


566. Cor. 1. If the areas PR and AN be equal, the velocities, 
acquired by the action of the conſtant and variable forces, whilſt 
the bodies deſcribe, from reſt, the ſpaces A M and PO, vill alſo 


be equal. 


567. Cor. 2. Becauſe the areas AN and PR are always equal, 
when the velocities at M and O are equal, their increments Or and 
Mn muſt be equal; and if F be the given force at A, and y = the 
ſpace deſcribed A M. FX = Or = OR x Oo = the force at O 


multiplied 1 into the fluxion of the ſpace. 


568. Prop. If a body be attracted towards the point 8, by forces 
which always vary as that power of the diſtance whoſe exponent is n—1, 
and begin to move at any given diſtance 8 P, it is required to afſign the _ 
velocity, V, acquired in deſcribing any ſpace PO, ſuppoſing the magni- 
Fude of the force at any given diſtance SA to be known, 


Let 
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Let the magnitude of the n at A be to the force of "ons 
vity as F: 1, and let 
SAS a, 
SP = p, | 
SO=x; and, from the ati. F: force at any point 


Q 5 1 5 and the force at 0e But, if y be the 


ſpace through which a body muſt fall, when acted upon by a con- 
ſtant force equal to F, to acquire a velocity equal to that at O, 


from (567) Fx 3 = 1 wn and the fluents are N or 


F xy = === + eorreQtion; but when F x y vaniſhes, x =þ,, 


and eonſequently the: fluent corrected = 2 . But if . 


be the ſpace deſcribed by the force of gravity in 1”, or any other 
given time 1, and the force of gravity be 1 by 1. = 


Vie EE: 


— - feet i in 1. E. I. 


569. Cor. 1. If the force be as ſome negative power of the di- 
ſtance, or a — 1 = — 7, then F: the force at O:: a :: , and: 
FX 5 FX 


the force at O = - 2 the fluxion of Fx y = — md. 
. i Fx x Fx a” Fr 


Fra“ K * — * 
1 — mx x 7 


2 a I —— 


— : = : mM ah. 


n | ati; 


. 172 


570. Cor. 


® Let f= = the force of gravity,. | | 
s = the ſpace deſcribed by the conſtant action of Fin. 1. = 16 feet nearly, and 
v = the velocity acquired in falling 1“; and 


Y*.;v* :t FR FRE and V == . ; but if f=1,.v = 25 and F 4 y and: 
FVI. 
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570. Cor. 2. Becauſe 4 Fs and "4 are © green quantities, / va- 


ries as =. 


571. Cor. 3. If the body deſcend to the center, or x o, and 
the force vary according to any direct law of the diſtance, or in- 
verſe law leſs than the ſimple, that is, if n be any affirmative, 
[45 F * P.; 

N Xx a 
a real finite quantity. Let the force be as that power of x, whoſe 
exponent is — 3, I, 2, 3, &c. or n=, 2, 3, 4, &c. and V = 


whole number, or fraction leſs than unity, = WF oa 


(4s Fxps 4s F x p- 3 4 
2 3 24 4 $ 1 9 {45 Fxps . 
2X 4—z 2 X 4 3 x a NT 


5 572. Cor. 4. If the force be inverſely as the diſtance, or 2=0, 


and the body deſcend to the center, as before, Y = JEL 
is infinitely great. If the force be inverſely as the ſquare of the di- 


ſtance, or = 1, Fxy= — and Fy = =ZE + cor. = 


Fa Pa: Fa x = _. 3 ee 
py To - , and F == Was Fa? x 72 From 
hence it appears, as before 564), that the velocity varies as 
50 
665 


573. PROP. Suppoſe a body to be impelled by a force varying as that 
power of the diſtance from the center of force 8, whoſe exponent is 
n I, it is required to aſſign the time of deſcribing any m PO, ſup- 


Poſing it to fall from a ſtate of reſt. 


The fluxion of the ſpace Fx 4. and conſequently © is 


equal to the fluxion of the ſpace divided by the AE — — 5 = 


RECTILINEAL MOTION: or BODTES: 


2 and the time hy equal. to tlie fivent bf 


COS ; then 


a g N 
1 3 0112 8 5415 


N . Fu fluent. QE. 1. 


1 
$5 7 bv 5 


. . — —— 8 Q " 
80 12380 | 8 711 9 1 — 4 
* : — 


"$74. Cor. 1. | Let the "a vary as s the e diſtance from the center 
of forte S. or #='s, and 2 LT ITS, the fluent of 


* 
% 


== =cor, length of in whole radius is unity 


and right fine 5. 7. If the time vaniſh, or x = br the cor, = length 
of a aber arc whole 5 18 1 and right ſine 81 or 15 and there- 
fore = a quadrantal arc; " the time of 9 any 
ſpace POi is equal to To TFE = x into a quadrant — Trp into the 


arc whoſe right ſi ine is 5 the oe being w unity. When the body . 


deſcends to the center, or Fo = 0, the time is equal 10 A ES x 1 


into a quadrant. If the radius of the circle = 7, and a quadran- 
tal arc of that circle = 9, the quadrant of a circle — radius 


is unity = 2 and the time of deſcent to 5 = , /—= x LS a 
=, „ 
given quantity. 


575. Cor. 2. If the force an entre as oh 3980 of the di- 
ſtance from 8, then 1 = AE, . and T = N 


hs | — V 6 


K 2 I 40752 1 . 4 
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CLAYI. Woofer pit end eee into e cent of &&. 


— 8 4 
"od 


= With oe or I a as A diameter, and from t the © center 0 de- 


4 


” ww 


ſcribe a cirele, and the fluent of *. e ihe area PRS; for 


JI. A 30591 at == T boos, == — 
this area ſector PCR ++ the triangle 9RC Ie I fine OR 
SP —— WY 
x ==, and the fluxion of the area = aſe (PR = OR) IP 
J 2jf2th off 28 1h 534 t grit to] 100 a5 


xx CR XX x 


CO 
9 £2 (6m. hang) (ria or amo ee 


a 


SA 
viz) Toe es, conſeguently the fluent cf A . * 
1 


4 
* arc BR + ſme OR. And becauſe: 77 


p — * 45 Fu: | 
1s given, the 8 of deſcribing PO varies as PR+OR, or as, 
6 þ 
PREOR» ==; ox. de en P RS. ) 2 75. 3 n ꝛ r 4G 
2 2 00 _ „ - THFIDSU TAE 8 Rupee 


FIG. 576. PROF. La body begin to fall from A, it is required to deter- 
CLXUL. „ie the - ryin A O 3 which ze 3 de e when ee oo 4 


e Pl . * Per by the 22 ati of a force bl 2 


i TELE ee , ae = ii 
g | sup 1 
Let the force at A2 1 | | 1 
SA er 
SO = d. And the 123 1 or f: the force at 


O Ern, abr the force at Q=— ben and 2 - vthe force at A. 


1-4 2: | — 
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— = the fluent. of — = (567) = — ee, cor. == 


1 er | 
CS and x =, and #= IT. QE. L.. 


577. Cor. 1. If che force vary a as « diſtance Given the 
2 —2)* *X 7 


center S. or n = 2, x = 


7 
to the center to acquire a velocity equal to that acquired in de- 


ſcending through —_ when acted upon by a conſtant force * 


tha A. un en 1 
54 * " T * o \ « o — 3 N 5 * N — 4 „ * 89 *'* vw, \ 83 — 
to t at . - 0 — . o * 13 \ * 4 © x * # 3 A ILY 7 * S. þ } « N * vw - 4 4 — 2 3 


« L ASSIon0 \ 
2.0. Ap 


878. Cor. 2. If the force vary inverſely as the diſtance, or 


* os x 


* 2 o, py. 3 8 LE which expreſſion does not ſhew the Va- 
tae. of xi but it may he found by the! following\frocels The 


force at 4 or 1: foree at O:: x : 7, and the force at O = 5 and 

7 x - : ns k "EIN Wh 

© =# > flu, — 7=" x —byp. log, of x + cor. =rx — log. of x 
3-4 XA * 8 | { 


h V Non 1 . * . 
*r ,, . be 


1 


«* v4 42111 


i 579 Cor. 3 17 the force vary inverſely as the ſquare a the di- 
ſtance frech 8 va 1 I; * Bs On. MI = 


—_ : "xr, „ and the 


body muſt fall through a third of the diſtance A. i or to M. If 


the force vary according to any law therefore between the direct 
ſimple and inverſe duplicate ratio of the diſtance from 8, the body 
muſt fall to ſome int rmediate . ſpace between S and m mM, If the 
roter Mr s. Mat power” of the diftance; inverſely, hoſe ex- 
ct a ponent 


ro, and the body muſt fall 
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bs 


4 eier 2 2 
| 1 &, = — » &Cc.; and tlie ſpace len 
oe = SF oo , P fa 
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580. Por. Suppoſe the force at A to hs I, and in otber phe 2 


vary as that power of the diſtance whoſe exponent is n — 1, it is re- 
quired to determine the height to which a body will aſcend when atted 
#0n by this variable force, and projected ow A in the direction SA 


with a velocity equal to that acquired in n through == 2 > At. in the 
10 propoſition. | | 


Let B be the ellace t to which the body ads; and the force at 
4 or 1: force at any other point O:: : x", and the force at 


oe. But if the, body were impelled by :a conſtant force 


| gee 
equal to that =T it would aſcend | CR 4 ſpace equal to = 
* ö * * — - 
and (567) — — S the Avent 2 ——— cor. = = TT 
1. and — a . QE. L. 


587. Cor. 1. Suppoſe the force to vary directly as the. diſtance 


from 8, or 23 . . sb). Fs 


613 378%; 


1 
ben e * 1 5 ' gh o 
' 12 Jr A a A443 6+: 48 - 


4 
&4 > 


Sa. Cor. 2. If the "La vary He as the diſtance: From: &. 


n 3 
"ar = 0 = ———>» which, eren does not ſhew the 


. * 7200 y — 
tage! = mag= 
- «+ 7 * 


RECTILINEAL MOTION or BODIES. 


magnitude of x; but it may be determined * the proceſs in. 


675). 


583. Cor. 3. If tlie force vary inverſely as the ſquare of the di- 


ſtance from 8, Or A =— I, then x 2 = — —=M= 5D; 


8 


If the force therefore vary accordin g to any law between the di- 


rect ſimple and inverſe duplicate ratio of the diſtance from &, the 
body will riſe to. ſome intermediate altitude. between B and D. 

If the force vary inverſely as the cube of the diſtance, or a = — 2, 
then * = — - — — 


fore his force vary 8 to a law between the inverſe dupli+ 


” ", and i is infinitely great. If there- 


cate and triplicate, the body will aſcend to ſome intermediate: - 


FR . and infinity. 


f 
a 


Td} je 3 


229. 


— — 

— - = - — — 
—— — — — ” 
PPP Pr OI > rs 


— + co. — 


'PENDULOUS MOTION... 


E364 0- 


"PEN 182 Lo S MOTION. 


FIG, . 1 BODY, or - mmderaf bodies, a to a right the 


SP, and moving about à point S to which it is "fo ry 
ed, ” the force of gravity, is called a PRO ark 


IE 


58 «. Des F. The motion 1 of a . in the Jan ere, from a 
Rate of reft, till it begins to return in an oppoſite e is one vi n 
tion or oſcillation. 


586. Cor. The velocity acquired in deſcending from P to V, 
ſuppoſing SY to be perpendicular to the horizon, will make the 
body P deſcribe an arc Vp, whoſe perpendicular altitude is equal 
to that of TP (542), and the motion through V is equal to one 
half of a vibration. And becauſe a pendulum, compoſed of any 
number of bodies, will perform a given vibration, or equal parts 
of a vibration, in the ſame time as if they were collected in their 
center of oſcillation (512); a pendulum compoſed of any number 
of bodies may be reduced to one, where one body i is connected to 
a right line SP, and the length of a pendulum is always under- 
ſtood to mean the diſtance between the centers of oſcillation and 


ſuſpenſion. 


587. PROP: If a hey vibrate in a circular arc PV Pp, hr part of 
he force of gravity, which accelerates and retards it, varies as the 
right Jp of the arc intercepted Petween the body and the loweſt point. 

| DEM. . 


* Keil's Phyſ. Led. XV. Helſham, Led. X. Muſchenb. Ch. XII. COXCVII. Mac- 
lanrin's Newt. Book II. Ch. V. Emerſon's Mechan. Prop. XI.. Hugen, Horol. Oſcil. 
Part II. Prop. XVI. Rohault's Notes, Part II. Ch. XXVIII. | 


PENDULOUS MOTION. 
DEM. Let the force of gravity be repreſented, in quantity and 
- direction, by a given line L perpendicular to the horizon, and 
be reſolved into two forces, LM parallel to the ſtring SP, and 
PM touching the circle in P, of which LM is the tenſion of the 
ſtring and has no effect upon the body's motion, and it is aecele- 
rated and retarded by P.M only; therefore-the accelerating force 
| (4) * force of gravity (G): FPM: PL: FN: SP (iim. triang. 05 


and 4 = 5 P.. 5 , and eee 4 varies PN. | 8 v. 5 


588. Cor. 1, The Aach at any point 2 1 25 0 that FT | 
quired in falling through the perpendicular altitude ND (541), 


and varies as / ND, or (NV -, or, NF x 2 - DS. 


or PF — 


PV, and verſed ſine the difference between the chords PV and 27. 


589. Cor. 2. If the arc mY be ſappoſed equal to two inclined 
planes n and/n#, touching it. at m and V, theſe planes are equal, 
and the velocity in the horizontal plane is uniform, and the 
time of deſcribing it is equal to half the time of falling down u 
(527): but the time of falling down u (:): time (T) of falling 
down mV (= 2 mn), or down the diameter 2 :: mn: Vi: I: 2, and 


& 


=> 5 and: conſequently tt the times of Aeſerdeng mn and at, or 
32 ＋ 6 4 . 


FF 


the time ot half a vibe ation = and the time of a whole ba- 


tion 2 T.: 32. 


$CHOLIUM. 


ak 11 the body P be acted u upon by a force. E e 
to the horizon, which is to the force of gravity as, t e arc P to 
its ſine PN, all vibrations are iſochronal; for, let SP repreſent the 

ane force of gravity, and PL = F; and by a reſolution of 
| PL. 


e and W being chords of the ares P V and + 
V), or as the right ſine of a circular arc, whoſe radius is the chord 
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Y into two, LM parallel to SP, and PM coincident with 


the tangent, this laſt is the only part of F that eee P. 
But PL: PS:: PM: PN (ſim. triang.), and 


PL: PS:: PY: PN (hypoth. J; and neee PM= 


PJ, or the accelerating force is as the diſtance from the loweſt 


point V, and P will always arrive at Yin the ſame time 563). | 


The ifochronal force in a circle, F, is therefore equal to G x NV 


and, when a pendulum is urged by the force of gravity, the time 
of a vibration will be encreaſed with the arc of vibration, becauſe 


the exceſs of F above G is encreaſed with that arc. 


FIG. 597. Dey. If a circle FPE revolue upon the right line BA, the 
CEXVIE curve line BVA deſcribed by any Point P of the periphery in one re- 
volution, is called a cycloid: BA is the baſe, VD biſefing BA at right 


angles it the axis, V the vertex, PM parallel to the baſe is an ordinate, _ 


and FP E & the generating circle, 1 the cycloid. 


592. Cor. Becauſe every point of the periphery of the gene- 


rating circle has been applied to the baſe BA, it is evident that 
BA is equal to the peri Oye and BD to the ſemi par iphery of the 
generating circle. 


593. LRMMA. Tf a circle be 4 erde u upon the axis as a diameter, 
and an ordinate PM be drawn from any point P, the part of this ordi- 
nate PL, contained between the point from whence it is drawn and the: 


periphery of the circle, is equal to the circular arc VL, contained between. 
the vertex 8 the enter ſee on of the ordinate and periphery. 


Dem. Let FPE by any poſition of the generating citcle, wed, 
becauſe every point of the arc PE has been applied to BE, 
the right line BE = the arc PE = the arc LD, and the arc L 
= = ED =MN = PL. eB D. 


Oy Cor. 


P — 
* Sue A. a4 


PEN DULOUS MOTION. 


504. Cor. Becauſe PL is always equal to the arc LY or P. their 


cotemporary increments or decrements are equal, that is, the ini» 
tial motions of the point P, which traces out the cycloidal arc, 
one parallel to the baſe BA, and the other in the direction of the 


tangent to the circle at P; are. equal to each other. 


595. LEMMA. An ants being drawn from any point P of the 


cycloidal arc, cutting the periphery of the generating circle, who oſe + 


meter 1s the axis VD, in L, the chord VL * the circular arc is pa- 
rallel to the line touching the oxcloid at P. | 


| DEM. Let GP be a tangent to the circle at P, and producing 
EP to C, the C CPgq = 4 GPE = 4 GEP. (the tangents D and 
DE being equal, Euc. B. III. p. 36.) = 4 EPN: but the initial 
motions of P, in the directions GP and PL, being equal (594), the 
path of Por Pi will biſect the angle 9 Pp (compoſition of motion), 
and conſequently the 4 CPS 4 EPborPbi3s at right angles to 
E P, and FP, which is parallel to LV, is alſo perpendicular to EP, 
and therefore is a tangent to the curve at P. Q. E. D. | 


506. Cor. A tangent to the cycloid at the vertex Vis therefore 
perpendicular to the axis /D and parallel to the baſe BA. 


597. LEMMA. The generating circle being deſcribed upon the axis 
as a diameter, and an ordinate being drawn from-any point O, cutting 
the periphery of the circle in R, the cycludal arc * 7s E to twice 
_. the we th chord , the circular arc VR. 


DEM. Draw an ordinate r0 infinitely near to RO, and rs per- 

pendicular to VR produced, and Fr = 7's, the angle at “ being 
evaneſcent; and O ( Rv) and Rr are cotemporary increments 
of the arc VO and chord YR: drawing tangents to the circle at 
* . R, the triangles /R T and R v, having the vaglee at R ver- 
Gg tical, 
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tical, and the angles TVR and Rvr alternate, are ſimilar, and? 
conſequently R ur and Rv or Oe 2Rs. The increment: 


of the arc VO is therefore equal to twice the correſponding incre-- | 
ment of the chord FR, and, becauſe they are naſcent. and evanchs. 


cent at the ſame time, FO = 2A. ME. D. 


598. Paor. Jo mote a dad qfillate in 6 given exc AV-R... 


Produce the axis VD making 8D = = DF, and dirongh F draw a: 
line KSH parallel to BA, and let two circles, each equal to DLV, 
generate two ſemicycloids SA, SB, each equal to BY or AF; and if: 


one extremity of a ſtring SCX, whoſe length is equal to. SF or. 


A,. be fixed at S, a body collected in the other extremity X. will 


always be found in the cycloidal arc AVP; for, becauſe SC is at 


tangent to the cyclaid at C, C is parallel to BA (595); and CG: 


== £4; but CA 24E. (597) 20G and CG =GX, and the 
ordinates X L and CE are equidiſtant from 4 D, or AF DN, 
and the arc AE = the arc ED, and the chard. £1 1s parailel to 
AE or XG: but 4G == EE == the arc AE, and conſequently the 
remaining arc HE(=LF)= @D=XL, and & is in the * 


arc AXV (593). 


99. Cor. Becauſe $CX touches the curve at C, it is evident 
that whilſt X deſcribes a very ſmall arc, C may be deemed quieſ- 
cent, or CX is always perpendicular to the cycloidal arc at &; and: 
very near the vertex F, where M is perpendicular ta the curve, a: 


circular arc, whoſe radius is SF, will coineide fen a mall VE 
with the cycloidal arc. | 


1 Prop, If, 4 pendulum begin to vidrawe aw any point P, and 
o circle be deſorvbed, whoſe radius is equal to the Qekided are VP, the 


velocity in different points will vary as the right fine of an ave of thes 


circle, whoſe 7 os tia rs the — deferibed by P. 


De 1 


PENDULOUS MO TION. 
DEM. The 1 at any point &. ĩs equal to that 8 in 
falling through the fame perpendicular altitude A R{$4. 8); which 
is as VNR, or  N: RY, ot / NU% VF Da—FRx FD, os 
VF. E,, or  PP*—F2*, or N.. r or gn. QE. D. 


50. Cor. 1. The velocity therefore enertaftes from P to V where 
it is the greateſt, being as V , and then it decreaſes in fuch a 
manner that the velocities at all equal diſtances from / are equal; 
and conſequently the cotemporary changes, or increments as the 
body accedes to V, and decrements as i recedes from 1 it, are equal 


at equa? diſtances from * 


73 


602. Cor. 2. if de he member of inches egg which bow 
defeends from reft by the force of grauĩty im 1, and Fbethe velocity 


acquired ir vibrating through: PS, or in falling down the perpen- 


dicular MR, then VR: 5 — the fqtrares of the velocities acquirtd 
in falling through NR and s, or CAE 45, ind = N pn 


VIII. N -R x VFV*—E a = I 2 D 5 x 


into the right fine f 2 a ng at the he ho =s velocity is a to 


Vo 


V 
AS 7K inches in 1”. 


603. * 3 If a nn duly to oſcillate at different di- 
ſtances PV and QY from the vertex V, the velecitfes acquired at 
in theſe different vibrations, are as IV: VRN, or as V: 
FE, or as VP: VA. or the velocity acquired th vibrating from reſt 
is as the diſtance from tlie vertex at whiolr it Wan, 


00. cor. 4. If 5 be the . deſcribed from aw a cor. 2. 
the 2 acquired at V, in vibrating from different points P 
7 2 G g 2 and 
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£3 | . 

and Lare equal to 5 PD < pI x 77, or ſuch a 
would carry the Tx over 4 numbers of inches in 1“. 5 


60g. PRoP. The tine in which the pendulum vibrates through any 
arc QH, is equal. to the time in which a body would : deſtribe the cor- 
reſponding circular arc. no with the ung _— Vv, — 
5 = | 


E:<.2 


Let M be infinitely near to 9, fo that 2M may be deſcribed. 
uniformly, and taking Vp, Vg, Vn, Vb, reſpectively equal to VP, 
VM. VH, and drawing the right line x & parallel to Vp; 1 K. 
(qm or ): I:: 9: Vv, or QM and xl are. to each other as 
the velocities with which they are deſcribed, and are therefore de- 
ſcribed in the ſame time. The fame may be proved of the other 
correſponding parts of 2H and 20, which ark. conſequently, de- 


| ſcribed 1 in the lame time. Q. E. D. 


606. Cor. 1. . The times of deſcribing any arcs P Q are to 
each other as the correſponding circular arcs pn, nv, becauſe they 
are deſcribed with the ſame uniform velocity; and the time of a 


whole vibration is as the ſemiperiphery p vx. 


607. Cor.2. The velocity, with which ga is deſcribed, is actu- 
ally equat to SE, x x 7, and the OREN with which a F'is de- 


ſcribed, is equal to 22 2. The time of a. vibration. is 


equal to. the time in which a body would deſcribe _ ſemiperi- 


phery vx with an uniform _— _ to . £2 7 * 5 5 in⸗ 


ches in a 3 
608. Cor. 


FE NDULOUS None N. 


608. Cor. 3. It / a body begin to oſcillate from different points 
P and Q, the times of their vibrations are equal to the times of de- 
ſeribing the ſemiperipheries of.circles, whoſe radii are VP _ = * 


with uniform velocities, which are reſpectively equal to Vp 


2 | an AL x * N b but theſs times are-as the ſpaces or femi- 


1 divided * the velocities, or divided by their radii P 
and / and are conſequently equal: the times therefore. of all 
vibrations, however different, are equal. : 


609. PROP, Suppolng a „ to begin to Neil from any 


paint P, the time in which it performs one vibration, is to the tima of - 


* down the axis as the periphery Gr a. circle to its 3 


DEM. The times of deſcent down DV and FV are cal ( 538) | 


and in this time a body would defcribe a ſpace equal to 2 FV or 

P or pP, with the velocity acquired i in falling down FV or PV 
continued uniform; but this is to the time of deſcribing pvx 
with the ſame velocity, or to the time of one vibration (607) as 
the ſpaces deſcribed, or as pP: pox, or as the diameter of a cir- 
ele to its W QE. D. | 


610. Cor. 1. The periphery of a circle, being to its diameter i in. 
a given ratio, it appears again that the times of all vibrations are 


as the times of deſcent down the axis, and eee are given. 


617. "Ove, 2. The velocity wat which the Emiperiphery; fox: 
s deſeribed, when the time of deſctibing it is equal to a vibration, 


is equal to . oh —— (607), and the time 1s. equal to 25 = = 


. * | DP; and the time o of falling down D te . | 


. 


238 PENDULOUS MOTION. 
|  canſequently the time of © Wiheation. 1 is to the time of- IO 


£2 N = 
DY : : HF >. | D = b= ng 3 nee 


: 2PF, the fame analogy « as that, in this e 


I "ig 
4 2 77 


612. 023 The times of vibrations in different cycloids, be- 
ing equal to the times of deſcent. down their axes multiplied into 
the Game given quantity, will vary as the times of deſcent down 
the axes, or lengths of the pendulums; or ſuppoſing E to be the 
length of a pendulum, and T the time of' a vibration, and to be 


variable; T.will.be as . and L as 25. 


613. cor. 4. If the tics wir mall the Aube b not 
ſenſibly affected by the cycloidal arcs $4, SB, and the pendulum 
SP will deſcribe a circular arc, and hence it appears that very 
ſmall vibrations in cirenlar arcs are performed in equal times. 
The times of deſcent down a circular arc and its chord are there- 
fore unequal, the former being to the time of deſcent dawn the 
axis as half the periphery of a circle to its diameter; and the lat- 
ter is equal to the time of deſcent down. the diameter, or four times 
the axis, * een ta the time af deſcent dawn the axis. 


AS 22 I. 


614. Cor. 5. If the pendulum begin ta oſcillate "RO B, half 
the time of a vibration is to the time of deſcent down the inclined 
plane BY as BD: BY; for half the time of a vibration is to the 
time of deſcent down the axis, as the ſemiperiphery of a circle to 
its diameter, or as DFE (BD) is to DV, and the time down D 
time down: the inclined plane BV:: D: BY, and, ex =quo, half 

the time of a. vibration: time 6 of deſcent dawn the inclined plane 
BY:: BD: BY. | | 


FR Cor.'6. The ſpace deſcribed 1 a falling body. in 1", may: 
be diſcovered, if the length of a pendulum performing one vibra- 
ä | tion 


PENDULOUS MOTION. 


tion in a ſecond be known: let the length of this pendulam be 
39.2 inches, and (609) 1*: time of deſcent through _ (t) t: pb». 
riphery 0 p* circle to its diameter: : 3. 14159, &c. PH 1 and 7 =: 


"= 
5 
22 193.7 inches nearly = 16.1. feet — 


616, Cor. 7. The length of the pendulum performing ane vi- 


bration in 10, may be diſcovered, if the ſpace through which a 
body deſcends in 1“ be known; for let this ſpace == 193. 1 inches, 


and (laſt cor.) the __ of the an, inches 


3.14159 
= 39-2 inches. 85 


617. cor. 8. The t time of one ih may be Hema if; : 


the length of the pendulum be known; for Tet L be the given 
length of the pendulum in inches, and 2 ” the time of one vi- 


ration, and 7: time of deſcent through Z 2 2:3. 14459, c.: 4 22 
71 13. but the time of deſcent through £ AE and conſes 


quently. T'= 9 > * WT ſeconds, or parts e of Roy If, Z = 39.2 


Fam 
inches, and = 16.1. 1 * 12 inches, 72 3. 14159 * 281.1815 
= 1* nearly. . | 


bas. cor 9. The number of vibrations in a os time, being 


ate ft aue vibration, will be AE. IH. N be 
the 


But 39 ; ſpace fallen through in 17 (x) :: = 1 and == 
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the number of vibrations in a given time 7, and ? be the time of 


one vibration, then N = 7 ; but, the length of the 3 be- 
T.. 
ing 2. . =p * Vo and conſequently N= 7 VE 2. 


„ 
60 K 60 eee 


ee V 39.2 


== 60 x ond % then N = 


REY | 


619. PROP. Ler à pendulum, whoſe length is L inches, boſe or gain 
any number of vibrations expreſſed by n, in any number of hours, h 
ro 20 * . of a 56 0 that ue uibrate once ” oc 


Let T the Ae of the pendulum W and let the n num- 
ber of vibrations performed by in 5 hours, or h x 60 x 60” = 


nm, and L performs m n, vibrations in & hours; but L: 72 5 | 


m n 


mn n (618) and T LX 


5 i620. PRO. If the length of a pendulum-and the force of gravity be 
variable, the time of an oſcillation varies as the ſquare root of the length 
of the pendulum L, divided by the ſquare root of the force of gravity, G. 


DEM. The time of one oſcillation varies as the time of deſcent 
down the axis, and that is as the ſquare root of the axis directly 


5 75 
and force inverſely, or as Ve (532), or as Ve Q. E. D. 


621. Cor. 1. Therefore L is as T* x G, and T being giyen, L 
is as G: if therefore the lengths of two pendulums, performing a 


— or the ſame ner of vibrations, in the ſame time be 


known, 


PENDULOUS, MOTION. 


known, the ratio of the forces of gravity, being the ſame with the 
ratio of theſe len 18, will-conſequently be known, 253 net 


* 2 * 
* R 5 o \ \ Y 
© on 7 1 : bk 7 Fa ? * — d ; 3 t n * FI YL 
1 % : 


2 e e eee e  ogprmm=mmts 22 rote 

622, Cor. 2. Or, if the number of vibrations performed in the 

ſame time, in different places, by two pendulums whoſe lengths 

are L and J, be equal to m and m + n reſpe&ively; the forces of 
gravity G and g, in the places of obſervation, may be found : for, 
„ 15 5 285 N N " . prot - att 1 . {T, 
the times of one vibration of the pendulums L and F ate as VT : 
8 CC YAN. LI RNS 1 1 9 n þ 


— 


5 | ; | 
V. and mu: m inverſely as the times of one vibration, or as 


E 3 = 
VC 7 (620), and conſequently G: g:: M x L:m + n x |. 


623. PROP. That part of the force of gravity, which accelerates or 
retards a pendulum vibrating in a cycloid, varies direftly as its diſtance 


from the vertex. 


Dem. Let the force of gravity be repreſented, in quantity and 


direction, by the line DV, and be reſolved into two forces, DF 
parallel to the ſtring, and /F parallel to the tangent at P, or di- 
rection in which P moves; and YF(=2FP), which only acc2- 


lerates P, varies as P. Q. E. D. 


Otherwiſe: The velocities at Land M are as gn, ml; the time 
of deſcribing 2M is as the included circulac arc »/; and, ſuppoſ- 
ing the time / to be very ſmall and given, the accelerating force at 


| 7 3 
Lis as the change of velocity kI(453), or as . (ſim. trian- 
gles), or, becauſe ] and Vn are given, as Vg or VN. Q. E. D. 


624. Cor. 1. The force accelerating or retarding the pendulum | 


(4) : whole force of gravity (G) :: YVF;VD::VP;YB and 4 
| „ H h GNP 


— 
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PENDULOUS MOTION: 


pp" ok the tenſion of the firing :G; D Dy, and this 
DF | 


tenſion = — D At the vertex RE AN DF = DY the tenſion 


of the ſtring = G, and A=0; and, R 1440 
and the tenſion o. £ 


625. Cor. 2. The tenſion of the ſtring: force accelerating or 
retarding P:: DF: VP:: V DN: V (ſim. triangles). 
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626. Dx F. 7 HE range or ls ” a projelite, is the — 

diſtance between the point of projection and impulſe up- 
on any obfacle; ; the horizontal range is called the amplitude; and the 
angle of elevation is the angle contained between the horizon and the di- 


rection of projection. 


627. Prop 4 FF projected in any direction DN, and acted upon 
by a conflant force, G, in a direction parallel to a right line D Oz in- 5 


clined in n any angie 7 D IN, , will de 22 4 N oh os 


— 


Dau. Let Do be deſcribed Hows N. by the aQfoh of G, in 


the ſame time, T, in which DE is deſcribed by the velocity of pro- 


jection, and, completing the parallelogram, the body will, at the 
end of the time 7, evidently be at R; but DO varies as 72 (526), 


or (becauſe the velocity in DMN is uniform from the firſt law of 


motion, and T varies as DE) as DE? or on” which is a property 
peculiar to the © common e Q. E. D 


628. Cor. 1. The parameter belonging to any diameter DOi is 
equal to 5⁰ or E R _ oct: 1; and if the parameter belong- 


ing to any point D be equal to „. the parabola will paſs 
through the point R. 155 CN 
Hhe 629, Cor. 
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PROJECTILE MOTION. 
629. Cor. 2. If the velocity of projection be the ſame, the pa- 


rameter belonging to DO will be the ſame, whatever be the angle- 
of projection; for the projectile velocity and & being given, DE, 


| 2 | 
ER, and conſequently 774 or the parameter, are given. 


630. Cor. 3. Let Y be the ſpace through which a body falls: 
from reſt, when acted upon by the conſtant force G, to acquire a 
velocity, V, equal to that in any point D of the curve, and let v 
be the velocity acquired in falling from E to R, by the action of 
ſame force G, and J: v:: DE: 2ER (106): but F: ER: : Va: v. 
(526) :: DEZ: 4ER, and Y= = => af the parameter he- 


longing to DO. 


631. Cor. 4. If & be the force of gravity, the axis and all dia- 


meters of the parabola, are perpendicular to the horizon; the ve- 


locities are equal at equal diſtances from the principal vertex; the 
time of arriving at the vertex of the axis, or at the greateſt alti- 
tude, is equal to half the time of the flight; the parabola cuts the 
horizon, and all lines parallel to the horizon, in equal angles; and 
DE, which is parallel to the ordinate OR, is a tangent to the 
parabola at D. 5 1 | | 


632, Cor. 5. The velocity in different points varies in a ſub: 
duplicate ratio of the parameter belonging to thoſe points, or, if 
IX be the directrix and DI perpendicular to it, in a ſubduplicate 
ratio of DIor DS, S being the focus, or, in the ſame parabola, 
as the perpendicular $7” upon the tangent DT. The horizontal 
velocity DH, determined by drawing perpendiculars from the 
body upon the horizon, varies as DE, and is conſequently uni- 
form; and' the velocity, therefore, in any point D, being as DE, 
is as the ſecant of the angle of elevation; and at the principal 
vertex, the velocity in the curve and the horizontal velocity, are 
equal. . Vun 
. 633. PRoP. 
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PROJECTILE MOT TON. 


6 3 3. PROP. To find the directions in which a body, being projected 
wah! any wen V, from. a A. Rin D. will af through any 
foint P. | | 


Becauſe Y, or ke number of feet Sd deſcribed in 1, 


with the velocity of projection, 1s given, the ſpace DE, deſcribed 


from reſt to acquire this velocity, is known, being equal 10 6 


(art. 529). Draw PDA, equal to 4 DE, perpendicular to the ho- 
rizon, BC perpendicular to DA through its biſection G, and DC 
perpendicular to DP; and from C as a center, at the diſtance 
CD, deſcribe. a circle, and, if R, r, be the interſections of its 
periphery with a right line, paſſing through P perpendicular to 
the horizon, DR, and Dr will be the directions required; for 


(ſim. triang.) DA: DR:: DR: RP, and DA: Dr:: Dr: FP, 


and DA (= the parameter}: 71 =D or 2 = z- and the parabola 
deſcribed by a body projected in either of the directions DR or 
Dr with the velocity V, will paſs through P-(628). Q. E. I. 


634. Cor. 1. Becauſe the arcs BR and B are. equal, the line 

DB makes. equal angles with the correſponding directions DR 
and Dr. Drawing B La tangent to the circle at B, a body pro- 
jected in the direction DB, will paſs through Q, and Dis the 
greateſt diſtance upon that line to which the body can be project- 


ed with the velocity V.. 


260 Cor. 2. If D be horizontal, the range upon tlie horizon with 
DE — RN, the fine of twice the angle of elevation FD R; for, by the 
property of the circle 4: FDR = 4: RAD D 2:4: RCD. The hori- 
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zontal range is therefore the greateſt, when the angle of elevation is 


4 59, the fine of twice that angle, or of go?, being equal toi DA, or 
: of the parameter at D; or it is equal to the latus i1ectum, for that is 


RE DM* DE? 
always equal to- "MP — which, i in this caſe, is equal to — 75 De DC. 


| Becauſe 


j 
| 

' 

1 


—— — —ñ—ü— — 


JECTILE MOTION. 
my angle vaties as the radius or diameter, if the 


1pon any other diameter DE or of DA, the 
All be equal to the fine of twice the arigle of 


le multipli d 1 
cle mu tip le into . into * 5 


\ 


the axis M 7 1 Fg interſefted 5 1 N 
greateſt altitude YM (conic ſect.) = 
erſed ſine of twice the angle of elevation; and 
right, 0 of the verſed fine g DA. Becauſe 
any angles are as the diameters of the circles 
cle be deſcribed with a diameter equal to DE, 
1 to the verſed ſine of twice the angle of ele- 


5 
0 


e time of the flight is equal to the time of de- 
he projectile velocity, and varies as DR, or as 
ſine of the angle of elevation; and conſequent- 
reateſt when the angle F DR = go?, and it is 
ime of deſcent from reſt through the parame- 
e is alſo equal to the time of falling from reſt 
herefore varies as /RF, or as the ſquare root 
f twice the angle of elevation, or as the ſquare | 
> greateſt altitude. 


velocity of projection, V, and the angle of ab 
deſcribe the path of the projectile. 


amber of feet uniformly deſcribed in 1", and 


the parameter, is the ſame whatever be the 


and the periphery of a circle, whoſe radius is 
), will paſs through the foci of all parabolas 
y projected from D with the velocity /. Let 
ular to the horizon, and DR the direction of 

| pro- 
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PROJECTILE MOTION. 


projection, and making the angle S DR = 4 RDE; & will be the 
focus: EX drawn perpendicular to DE. is the directrix; the 
biſection of S X drawn parallel to DE, is the principal vertex, 
and SF the axis; DM perpendicular to / M is an ardinate; SE 
biſects DT in R and is perpendicular to it, and R is is a 2 to 
the parabola at Y "_ ſect.). | 


639. Cor. Again, it appears that the amplitude DF is (as in 
art. 635) equal to four times the fine of twice the angle of eleva- 


tion, for MDR = 4 RDC= 2E RCN. and DF 2 DM = | 


2NV=4RN;| 


6 Prop. To fn the leaf 7 * * 4 bly Projects, 
from a given point D, will bit a given point P. 


Draw BPH perpendicular to the horizon, and, making PB 
equal to PD joined, biſect the angle DPB by the right line PC, 
meeting DC perpendicular to DP, in C;' and, becauſe the trian- 

gles CBP and CDP are equal and ſimilar, CB = CD, the 2s 
CBP and CDP are right angles, and BP is a tangent to the 
circle deſcribed from C, as a center, at the diſtance CB. Biſect 
DG, drawn perpendicular to the horizon, in E, and a body pro- 
jetted in the direction DB, with a velocity equal to that acquired 


in falling through ED, will paſs through P (634), and, becauſe. 


D is the greateſt range (634), the velocity muſt be the leaſt 
poſſible. Q. E. I. 


= 


| 1 if P be in the horizon, CD and GD coincide, and 


the | ugly of uno BDH is qual to 45%. 


642. PROP. The range upon any plane DP, is equal to the produf? 
of the parameter and fines of the angles formed by the plane and direc- 
tion of projettion, and the plane and a perpendicular to the horizon, di- 
vided ” the ſquare 4 5 cofine of the plane's elevation. 


Dr M. 
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PROJECTILE MOTION. 


Dem. From trigon. DP: DR:: ſin. Z DRPor C ADR: fin. DPg. 
DER: DA.:ſin. DARor PDR: ſin. AR Dor RPDor DPF, 
and conſequently DP: D4::fin.C/ADRxſin./ PDR: fin.*2 DPFor 


coſ.2 2 PDF. and D 


QE. D. 


643. Cor. 1. Let S = 


and the horizon; and the range DP. 


DA x fin. CAD Rx fin. Z PDR 
| col.* PDF 5 T 


the fine-of the RS contained between 
the plane and the direction; Q = the ſine of the angle contained be- 
tween the direction and the parameter DA perpendicular to the ho- 
rizon; and C the coſine of the angle contained between the plane 


DA x 


Ad. 4 and, becauſe DA 


varies as the ſquare of the velocity, or Y?, DP is as 


P*xSxQ 
C2 


This corollary may be demonſtrated differently by the following 
proceſs: let / be the velocity of n or number of feet de- 


ſcribed uniformly i in 1“, and 2 : DR:: 


*. = the time of de- 


ſcribing DR or RP, and RP = == 16 X 25 (529) = DP <5; but | 


3 
DR = DP x >, therefore DP * 16 * 
2 2 
S* ANVY2 


JeqUESty DP = 156 2 


—— d con 
Vi ws? ” 


644. Cor. 2. If DP be biſected in M and MV be drawn perpen- 
dicular to the horizon, the greateſt altitude M V=iMT =P R; 


but PR: DP::S: Lan nd PR = 


DPS 
2 


= = (ſubſtituting the va- 


eee ne conſequently MY, or the greateſt alti- 


2 2 x $* 
rude varies as —7 72 


* 


>: 2 2 4 ig 
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645. Cor. 3. The time of the flight is e uual to the tim of Ye- 
ſribiag DR, die . 2 er, if F == the number af \feetide- 

ſcribed uniformly i * Tat — te cee be the time 

as aQually equal . en 151.) =, ;- and betauſe DA 

155 N, du Une varles 2 18 L. The time is Alf equal te dite 

eme bf deſcent from lt through 7. arid stade Vile "BY 
Il. or 28 VI. n d 


hat Corr 4. 1 Fo be Sven; the range DP 43 the 
cream when S or when the direction biſects the angle con- 
tained” between en the plane. And the vertical DA; and if the- plate 


> 11 


DP 3 with the horizon, the amplitude DRP DN : 


. R 12 making DR the radius) = 


DF or RN the fine of twice the angle of elevation, DA being 
equal to 5 7 and d being yon "ow e greateſt altitude 

DAS ; Bax Ps | TY We — 
I pO” 4 A” oF 


8 F £143 bag 7! is 


if 
* * 

* 1 * 1 

. > a ff © 4 # 


657 Fave. 7 Rath Ne velriry of ue. v. uad vi AN of 
elevation, vary, the bor ia del range or amplitude will vary as the 
iu of che ON _— . of elevation.” „en, 


3 
747. 15 5 
141 A - — * 9 1. 2 * 4 71. 
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den DP coimtides an the -hovizan,. de — 3 i And, if 15 


the radius be unity, So A= E of the une of twice the. angle of 
elevation (trigoniom.), and the ampktude r 2 x 
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FIG. Let Ve the number of feet deſcribed unifolmly in 1, by dre 
velocity of projection, and Fo DN: 2 or the 'tiinie'6f de- 
ſeribing DL with the velocity of projection, CTU is equal to the 
time of deſeribing LF from reſt; an Ex . 5 —2 -» ſuppoſing; 
to be the deſcent 4 from reſt i in the firſt ſecond ( We bus, deſeribing 


a circle with any | Sake DA, LF = = 57 * - (ſim. triang.), 


and conſequently : * = DT and DL 1 54 


L a 0 obs 7 fi, — 8 
Fane” DP "Sil. = 5¹ N f from ſim. triang.) = = 5 5 and warte 


28 F x RN, mos Fand DA ere given.” 8 525 299 38 


2 — 7 > Bug W 5 * 0 2 4 ry 1 \* 


9 


b Cor. The greateſt altitude 3 is Seal ts 2 x "I / 1), dr 


=o? ac * 


when DP is alen as , Fox _— 2 F or, the radius bet unity, as 


Va x verſed ſine of twice the ang of elevation ; for S. = 2,of this 
verſed fine.* This corollary is alſo deducible from the ſecond de- 


mpenkuatons for "the an altitude 2 _ we D = 


DR* * V Ad 
(abſtiruting the b of DL) ax DP © Z5 x DA and CON» 


Cy varies as /3 x DN, s and DA being given. 


!! Wo. 5 . 
be, "> rt 7 ond 16 tas „e 


: » 
” 1 
by * 923 20 » a 4 
e 
{ * * — 


Let the ares DF, BF, and the angles DCF wi ECF, be 0 and, FCD being the 
angle of elevation, EL drawn. perpendicular to che radlus C, is the ſme, and L the ver- 
ed fine, of twice that angle; and, joining ED and drawing GH from G, the interſection 
of C Fand FB, parallel to DL, BH = & the fine, and GH = the verſed fine... Hut the 
triangles EG and ECG axe fimilar, the angles at H and & being right, and the £ EGH = or 
Z EDC = Z CED; therefore EG (= FN=8):EH::CE(=1):C&(= CN=2), and ne 
EH = SN * — EG or S: GH (= 4D): : CE; EG, and conſequently H=. 


PROJECTILE MOTION; 
640, PROP: be velocity of prijeftion; „ V, 0. number bye Feet" de- 


ſeribed, uni ſormi in 1 1” with, chat vehecity, and. the, ang 
E, being given, RT d the amp litude, altitude, and time in oth 


119 ban iy . afl of Noel 8 W gent: rovig 


1. The ſpace een "on reſt nir the velocity of pro-! 


ing is  equalito 7; 5755 5 Ie amplitude, when the angle of te: 


vation = 459, is equal to — - ( 635); but the amplitudes are as 
the times of twice _ angles of elevation, and conſequently 


RE SD FP 


fin. of 90: Nn. of 2 E : = or! param ter: axis vhick 3 is 


therefore known. 


} 
. 97 9 2 * A. 4 2 * GG 10 mY 5 ad 7 17 —— 40 3 


2. When th p wal clevation's = 15 95 the aue de = 161 the 


14 23 os 


” SSR T7 


| of t twice whe Bs of Ba, the v verſed ane of 5052 7 oaks e of | 


222 5 : altitude, whith is therefore known. 


oy 
8 n 


55 When the N of levation.is 90% che 3 of the fight is, 
equal to the time of falling; from reſt, down the + parariieter 0. 


eee e n 71161 1 iq 10 WE 
„ BE in 
and = A Thr =— and the times of flight being as the ſir ines 


of ac of elevation (637) the ſine of 90: ſine of E :: ; 
time NY = » which i 18 therefore known.” "GEL * 


TEL 4 Om 81112 g % ; 25 1 TAE 10 9 1 V 4 "= 
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PROJECTILE MOTION 
3 Pes the parameter == Frs aud. when the angie of. elevation is 
457, the axhplitude = 7 25 ; therefore, the fu. of 2B la. of g's Av 


given amplitude: 125 which i is. therefore known and the ve- 
loeity of prejestion, being equal tolthat acquired i in _ from 
reſt through Z. f E. if ats known, being dquat to. £ 
** Gag nie _— 110 ä — 2 Jaups: zi „ 4 5: 1101188 


ix © at 
"4 4 beet in 


e 
6 
ron 1 tt 2 {> . 


Jtitude 3 is «found; when the gen w_ „ the 
aft s Pr oft tion. © 


rp2O0: ; 


Or, The altitude is eaſily found by tlie follouling proceſs :: Bi. 


{&{ the amRtud D in M. and. drawing AM perpendicular to 
DF, the angles in the triangle DM Z., and the fide DM. are: 
known, and MF may be. found from” ee and conſt- 


quenti:· A e . * . 


s CHO I UN 


651. By a ſimilar proceſs the converſe of theſe propoſitions are 
—— that is, T. the — and altivude. OED Ns to 


and altitude. : being given, to find the. amplitude and * 


% * 
* 7 
ö 1 en® FP 8" 5 * {+ 4; * 3 4 ˙* 
140 6 ) 3 t) 4 . 2 * . | 9 — a" 


5 8. H. L Uu M U. od 
652. In the: _ of projectiles, the medium is 8 to be. 
void of reſiſtance, which. ſuppoſitiou . does not obtain in practice, 
the reſiſtanee of the air being variable according to the different 


velocities. and. I of the peer and always conſider- 
| able. 


PRO ROT ELIE MOT ION | 
able. . fla: muſkot hall; of am inch dignicter, be fred, 


from a piede forty-five inches long, With half, itr / gt of po- 
deri its velocity is nearly ivo feet in nd and ita Horizontal range, 
whe: thei angle of elevatibn is 47 bught tobe about ſeventeen 
miles: r eee writers. it appears,” that the range is 
loſt than:half:a mile. An iron ball of 24 lb. weight, diſcharged 
with a full chaigeivf:poivder} has a velocity af 1650: feet; in 10 
and it horizontab range at 35 would: be about fixteen miles, were 
the path deſcribeca parabola; but, from experiments, it appear 
not to be three miles; and not #t part of the pace inveſtigated by 
the theory. When; the velocity of the ſhot is about 400 feet in 
ri the reſiſtance of the air is ſtill conſiderable, and neither the 
amplitut/ i height. bu time:of flight; correſpond: with the theocy. 
This reſi ſtaiire is confirmed hy the conſtant obſervation of all con- 


verſyrr/ir-theprojcioniof. bombs 5 for the ranges at elevation 


equally diſtant from 3% ought, autording 16 the throry, 10h. 


or ze unö always fount'to be 1 thoſe projected at 
etovitions hal to > Gothael 30 thoaply.equally-diftant froni 45 

: ProjeRiles, whoſe motion'ts! ſenſi ble te xhe ee, i are ſeen to de- 
ſdend in a eure obviouſly horten and jnclined in! a gteater 
angle to- the hotizon, han that! in which . they aſcemded; an 
whoever views in a. proper ſnuation the flight: of ſtones, arrows, . 
| ſhells; &b; projected to any conſiderable diſtance, may ſee evidently 
that tlie wertek lf clit rutrve!or gieareſtialtirulle, diyides:the path + 
deſdribd into two arqudl v parts, und se more remote from the - 
point of projetion, that Nr an to the ground 


N 2004 Ut Noon B 30 88 4 Qty tc! THY Tore! Hug 1K f aten 
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H TH batt 12 IT 21 
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16; W Md Tete Wirk 'a"confiderable berg is: often 
| 122 2 7 85 5 l relate oF >the ar, are d eſloctet 
fem a pardbolie path. I. a dlieetion perpendieular to the har 
Lon, but © 10 "nate to detigte erally nd. eklange the plant ob- 
motion. © Phe +1 path of 3 —— ruck wi great force, is 

obfereatto he incurvated fideways-as welt as downwards, 


151 move in 4 Hifferent line tom that ariſing from the come 
711919 ; in 


equal; bub the ranges of a ſhell projected at an elevation ob U 
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PROFTBCTELE MOT FO/N: 
bined action of gravity and force'ofoprijeftion; i ullets are. not 
only depreſſed beneath the line of ꝙrejection, but deflected to the 
right or left of that direction by the reſiſtance of the air or ation 
of ſome other force. Mr., Robins :ſixed a barrel; carrying a ball 
of *b of an inch diameter, and, firing at a mark, one foot andi 
ſquare, at the diſtance of 180 feet, miſſed it. oni onte in ſitteen 
ſucceſſive trials; but hen the ſame barrel was dired with ia ſmaller 
quantity of powder, he found the hall to be deflected 100 yards 
to the right or left of. che line aimed at and placed at thie diſtances 
of 760 yards and its di fettion in the perpendicular was equally: 
uncertain, its range differing ſometimes 200 yards. Becauſe the: 
force of gravity acts always in a direction perpendicular to the ho- 
rizon, a:body projected in any direction would, if, unreſiſtedꝭ be 
always in the ſame ver tical plan e, hich, as: 18 obſerved; 1s not true 
in fact; and, therefore, beſides the reſiſtance of the = tothe Pra- 
greflive motion af the body, there is another lateral foree ptoducing 
a deviation from the plane of projection, which is probably the 
inequality of reſiſtance upon its ſurface: for, if the: ſurſace of a 
projectile, protruding the particles of a fluid; be equally.refiſted. in, 
every point, it is obvious that the plane in which' it firſt moves is 
not altered. But ſuppoſing the reſiſtanees upon different: ſides: of 
a body to be unequal, it null bg impelled; by the greater reſiſtance, 
towards thoſe parts where! the reſiſtance is leaſt; and thus either 
diverge laterally from the firſt plane of motion, or aſcend, or de- 
ſeend ini that plane, beyond itheæ altitude iuveſtigated by the theory. 
A motion of rotation round an axis iH produce this inkquality) 


of reſiſtance upeu the: different ſides of a:projetils, and conſe· 


quently its irregular motions; for the parts of a revolving body 


are expoſed to the air, which is protruded, in different angles of 


obliquity and with different forces, and[mulſt therefore be differ- 


ently reſiſted. If the axis gf. rotation be. perpendicular tg the di- 
ach, the body il Ferdl ed natytally From lng westen planes 


and berauſe the velpcity. pf, the body,, and; conſequently xefiſtance; 


of the air, ate variable, this defleftion will be different in different. 


points, or it will be a curve line. That this lateral deviation is 
produced by a motion of rotation ſeems to be;confirmed by exper. 
rĩments. Let: a ſphere of wood; ſuſpended freely by a cord ing 
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PROJECTILE MOTION. 8 
current of air, be made to revolve round a ſtring as an axis, and 
the parts of its ſurface, on oppoſite ſides, oppoſing or conſpiring 
with the motion of the particles of the fluid, are unequally im- 
pelled by it, and the ſphere is always deflected towards that ſide 
whoſe reſiſtance is leaſt. Or, let a wooden ball, loaded with lead, 
be ſuſpended freely in a ſtream of water by a twiſted cord; and, 
as the cord returns to its natural ſtate, the ball revolves round it, 


and moves graduglly; t@wazrds Re is the reſiſtance 1s leaſt, 
or where the parts conſpire with the motion of the water. When 


®-: 2 


and returns gradualtyto-!tsfift ſituation, and: is. a ain: quieſeent 
till the motion: of the, hall twiſt the cord the, contrary way,” and it 
chen moves 'afſo*46warts the other rde j end mythis manner the 
ball continues to vibrats:tall-its motion be.deftroyed, by friction, 
and it remain quieſcent in its firſt ſituatie Tl ningnitude and 
direction of reſiſtance of the air, and. eo: RT 400 a from 
theory, can only be aſcertained by a ſeries of experiments; which, 
reſulting from the operation of cauſes apparent 7 fluctuating and 
uncertain, produce an. incanſiſtency in the fame experiments, and 
render the ſubjeR af leaſt very complicated.and-difficult s. 
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186. the following corollary wanting to art. 470. If the circle does not cut or wi the 


line DH, the bodies will never meet. I 
197. art. 500. for = velocity of Y SA, read = velocity 35 x 84 


198. art. 500. I. 2. for w x SY, read m X SY x SC. 
231. art.589. for _ _ chord, in which corollary, the body 1 is . to vibrate 
in the chords. 
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HE ſcience aeſcritirig the mechühitl affections of fluids, 

and their efficacy in the production of thoſe natural phe · 
nomena, of which they are the immediate cauſes, is very properly 
entitled Hydrodynamics; which, according to the nature of the 
ſubjects conſidered, is divided into ſeveral branches; as, Hydrau- 
lics, which treats of the motion of water through pipes or con- 
duits; Hydroſtatics, whoſe object is the relation between the 
weight of water and other bodies; Pneumatics, which is employed 
in inveftigating the properties of air, &c. but the term, Hydro- 
ſtatics, is now uſed, with greater latitude, to denote the ſcience 
deſcribing the properties of all fluids, excepting light and electric 
effluvia, and the effects reſulting from them. The primary divi- 
ſion of hydroſtatic, | like that of other branches of natural know- 


ledge; 1 18 analytic and * the firſt inveſtigates, from a ſeries 
hay A of 


— 


EYDPROSTATICS. 


of concurring experiments, thoſe affections of Auids which Wem 
to be general natural cauſes, as gravity, elaſticity, attraction of 
coheſion, &c.; and the ſynthetic, aſſuming theſe as eſtabliſhed prin- 
ciples that operate generally in the part of the creation contem- 


plated, demonſtrates them ſcientifically to be adequate to the pro- 
duction, not only of the particular effects adduced to prove their 
exiſtence and power, but of all ſimilar phenomena. An obvious 
diviſion of the ſynthetic part is derived from thoſe different prin- 
ciples, which are ſufficiently diſcovered to ſupply data for ſyn- 
thetic reaſoning, and the following arrangement 1s therefore 


adopted. 


Firſt, The preſſure, ſpecific gravity, and motion, of fluids are 


placed in ſucceſſive order, as being dependent upon the ſame prin- 
ciple, * gravity. 


Secendh, The properties of the air- pump, different denſities of 
the air, winds, and other phenomena ariſing from elaſticity. 


Thirdly, The reſiſtance of fluids to bodies moving in them. 


Fourthly, The aſcent of vapours, and other phenomena ariſing 
from the attraction of cohehon, © Os ns 
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4. Der. / FLUI D is a body whoſe parts eafily Yield te fo. any force 
7; uvreſſed upon them, and move freely N each . ; 


as fre, air, 9 water, en, Ge. | 
; = 7 


a 


4. Fluidity 3 is a property of matter obtaining in different bo- 
dies, and often in the ſame body at different times, in different 
degrees. Light, fire, electric effluvia, air, water, &c. are the moſt 
fluid bodies with which we are acquainted; and of theſe ſome are 
more fluid than others. Water is more fluid than wine, this laſt 
than ſyrup, and ſyrup than oils, and at length we may arrive at 

bodies whoſe deſcription it will be difficult to define, whether they 
be fluid or ſoft. The ſubject does not admit of more preciſion; 
but a body may however be defined to be fluid, when its compo- 
nent parts are ſo . difumited and incoherent, that no ſenſible reſiſt- 
ance is oppoſed to their ſeparation and motion in any direction, 
but which are ſo compreſſed, or whoſe mutual attraction is fo 
ſtrong, as to preſerve. their contiguity and make them form one 
aggregate maſs.” Fluidity is therefore an intermediate ſtate be- 
tween hardneſs or ſoftneſs, in- which the parts adhere together 
firmly or with very ſenſible tenacity; and an entire want of aggre- 
gation, in which the component parts are ſo Teparated and removed | | 
from each other, that they do not form one maſs. The difference "Yi! 

between foft and fluid bodies ſeems to conſiſt in this: the parts of ö 
_ "ml —_ <eafily diſplaced,” do not propagate motion to the | | 
a 2 diſtant 
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| principles 
| obtain in ſome natural ws they will be fluid, becauſe a 


FEUI DIT F. 
diſtant parts, but the whole remains nearly quieſcent when the 
force is removed: the parts of the ſecond, when moved by any 
force, communicate motion to the particles immediately contigu- 
ous, and theſe to the next ſucceſſively, till the fluid become agi- 
tated to a conſiderable diftance, and, after the force is removed, 


1t returns to its former figure. Clay, ſnow, butter, are foft bo- 


dies, becauſe their parts are eaſily diſplaced, and then remain 
nearly quieſcent. Air, water, vapours, oil, &c. are fluids, becauſe 


motion is eaſily communicated and diffuſed in every direction, 
and after many tremulous agitations deſtroyed, when the particles 
are again quieſcent. That air is a fluid appears from the eaſy 


paſſage it affords to light, and the motion communicated to it, in 
every direction, by the vibrations of ſounding bodies. It ĩs certain that 
the particles of ſome fluids are not in immediate contact, becauſe 
they are compreſſible, and their dimenſions may be much diminiſn- 
ed; and whether thoſe of any fluid touch each other is not known, 
and cannot be obſerved by the. ſenſes, however aſſiſted with glaſſes. 
It is therefore unknown in what manner the- particles of fluids 


act upon each other, whether by actual impulſe, or a repulſive 


force, and occaſion the inteſtine motion which diſcriminates them 
from ſoft bodies. Fluidity may be eee to ms. from. the 


. cauſes: 

1. Let the particles, conſtituting any maſs of matter, be very 
ſmall, equal, lubricous, ſpherical globules, and if they be in actual 
contact, the ſurfaces of contact will be ſmall, and conſequently 
their attraction alſo-ſmall (Mechan. art. 248). Motion would. be ea- 
fily communicated to a maſs. of matter compoſed of ſuch parts, and 
diffuſed to ſome ſmall diſtance. A fluid muſt be tenacious when 


its component parts are large, heavy, and ſtrongly. attract each 
other or have plane ſurfaces. 


2. If the component parts of a Tas 2 very ſmall globules, 
which are not in contact, but impreſſed at different diſtances with 
of alternate attraction and repulſion (which are ſeen to 


ſmall 


FLUI DI v. 


wan foree would communicate motion to the parts of ſuch a 
body, which would be propagated neceſſarily in all directions. 
3. A body way be rendered fluid by diminiſhing the ſurfaces of 
eontact, or diſtances of its conſtituent parts, by the interpoſition 
of a fluid; thus, ſalts are rendered fluid by the interpoſition of 
water between its parts; gold by aqua regia, &c. and theſe bo- 
dies are ſaid to be in a ſtate of ſolution. Fluidity in every body 
is affected by heat: oils, balſam, honey, &c. are moſt fluid when 
hot; firm bodies, as ſalts, metals, &c. are rendered fluid by the 
application of fire, when they are ſaid to be fuſed ; and their 
component parts ſeem to be ſeparated, as the parts of ſalts are by 
water, and to be fuſpended in a very ſubtle elaſtic inviſible fluid, 
which 1s 1 the only ſubſtance in nature eſſentially fluid. 


SCHOEIUM Ir. 


4. If fine ſand, or plaſter of Paris finely powdered, be put into 


a veſſel over a fire, it will ſoon begin to boil like water, and ex- 
hibit all the motions and appearances of a fluid; and hence ſome 
people have ſuppoſad that the parts of a fluid are in a conſtant in- 
teſtine motion. That this opinion is not true in all fluids ap- 
pears from many facts. 1. The parts of ſome fluids attract each 
other, and, in an equilibrium of the parts, they muſt be quieſ- 
cent. 2. In pure fluids no inteſtine motion is diſcernible. 3. 
— of duſt, ſand, &c. mixed with water, ſwim when the 
fluid is agitated, and are ſeen to ſubſide when the agitation ceaſes. 
And if a ſubſtance be diſſolved in water, ſmall particles of it near 
the bottom are diſtinctly ſeen to be quieſcent, and the ſurround- 
ing fluid cannot therefore have any inteſtine motion, &c. Moſt 
fluids are an aggregate of the ſimple elementary fluid and extra- 
neous. matter. Rain- water, ſpring-water, river-water differ in 
degrees of purity, but the firſt or moſt pure, is impregnated with 
ſceds of plants, animalcules, earth, and other ſubſtances. Air, or 
the atmoſphere, is a heterogeneous allemblage of air, vapours of 
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F LUI DIT F. 
various kinds, exhalations;: ſalts, ſalphar, metals, Ke. When 
theſe adventitious mixtures are conſiderable, the concluſions de- 
rived, from ſuppoſing the element nearly homogeneous, muſt be 
affected, and proper allowances muſt be made, as the fluid nearly 
Py and thus n e Have "_ dren! MARE | 
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2. Suſpend. a 4 E. or . 2s whoſe, weight, when 
empty. and immerſed in Water, 4s A, from ons arm of, a balance, 
and water being admitted = it, its weight is found to be en- 
creaſed i the Mak ee of. the included fluid. 
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1. An exhayſted receiver 18 fixed to the Rand 4 by the pref 
ſure 8 0 the een Rr ei d 2 0 0h 
1 2. If 


Prieſtley, or Cavallo, on Air. 
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WkEIGHT oy. FLUIDS. 
2. If a ſmall receiver be placed under a larger, and both be ex- 
hauſted, the ſmaller is eafily moved, and the larger one remains 


Tm 
If the ſmaller be. of thin glaſs and have a valve on the top 


Re) outwardly, they will both be exhauſted, and the ſmaller 


will be broken by the admiſſion of air into the larger. 

4. If the upper orifice of a receiver be covered by the hand, the 
vreſſike of the external air will be ſenſibly felt, and if covered 
with thin glaſs, the glaſs m be n., 8 e he re- 
ceiver. 
5-4f mercury bs oak: into a a wooden cup. fixed cloſely t to the 


upper orifice of an exhauſted receiver, it will be forced through - 


the pores of the wood by the pore of the external air, and de- 
ſcend like a ſhower. | 

6. The mercury riſes in the gage as the receiver is exhatſted; 

and the mercury in'a barometer placed in an exhauſted receiver, 
deſcends' to the level of that in the baſon, and the air being re- 
admitted, the mercury deſcends in the gage and riſes i in the baro- 
meter to its former altitude. 

7. Let the open orifice of a barometer tube, filled with mer- 
cury, be inſerted into a baſon of mercury, and that in the tube 
will deſcend till it be about 30 inches, and there remain quieſ- 
cent. ., Suſpend this tube from the beam of a balance, and the 
weight neceſſary to counterpoiſe the air incumbent upon the top 
of the tube, is exactly equal to the weight of the tube and mer- 
cury included. If the upper orifice be opened, the mercury will 
deſcend to the level of that in the veſſel, and the IEEE? in 
the balance be equal to the weight of the tube. he 


8. If a piſton exactly filling a hollow cylindrical. tube. inſerted | 


in a veſſel of water, be drawn upwards, the water will aſcend tc 

an altitude of about 34 feet and there remain ſuſpended; and, a 

ſmall orifice being made between the altitude and the piſton to 
admit the air, the water will _— to the level of that in the 
veſſel. 


9. A tube 4B, whoſe orifice A is covered with a a wet Hladder 
an 
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"and put into a baſon of mercury, is inſerted into a ciſtern VGHT, & od 
whoſe bottom is covered by a hard cement GH, into which alfo 
another tube TC is inſerted, and the inſertions at I and K are 
ſtopped to prevent the admiſſion of air. Let the ciſtern YH, and 

tubes BA. and CT, be filled with mercury, and the orifice T be co- 
vered with bladder; and, the orifice at A being opened, the mer- 

cury will deſcend through 76, and then through BL, till AL be 
about 3o inches, when it will remain ſuſpended. If air be ad- 
mitted into the upper part of the ciſtern VG H, the mercury in BA 

will deſcend to the level of that in the ciſtern, and that in TC will 

aſcend to an n Sk * wm to ALF. Q. E. D. 


9. PROP. 7 he weights of equal magnitudes of rain. water Frm air 
are t0 each other as 650: 1 e | 


Exp. 1. Let a cork, with a hole perforated in it lengthways, be 
ſqueezed into a glaſs bottle, whoſe bottom is covered with water; 
and let a tube, open at both ends, paſs through the hole in the 
cork into the water, and air be forced through the tube, till the 
air in the bottle be denſer than in its natural ſtate, and, by its in- 
creaſed elaſticity, make the water aſcend in the tube: He placing 
the bottle in a veſſel, and covering it with ſand or ſalt, that the 
included air may remain of the ſame temperature, and obſerving 
the altitude of the water in the tube at the ſurface of the earth, 
and at an altitude above it of 54 feet, the water is found to riſe 
about; of an inch, and co ſequently, the weight of a column of 
air whoſe length 1 is 54 feet, is equal to that of water whoſe length 
is 2 of an inch, or 5 s of 2 a N and the weights of equal columns 
of water and air, are to each other as 864 : 1. 

2. Let a large glaſs bottle be exhauſted by an air-pump; or, a 
little water being pat into it, Ar a "APP: be holden under it till it 
boi], 


More experiments are frequently deſcribed than are cet to edabüi the * of a 
propolition, ps for the ſelection of the experimental philoſopher, 


T0 


WEIGHT or FLUIDS. | 

boil, and the air be expelled by the vapour; and the mouth being 
ſtopped by a cork, weigh the bottle-thus exhauſted, and when the 
air is readmitted, and the weight of a given portion of air may, by 
this proceſs, be actually weighed. If the bottle be capable of con- 
taining two pounds of rain-water, the weight of the air, contained 
in it, will be little more than 142 grains, which is to two pounds as 
1 to a number a little above 800. Q. E. D. | 


SCHOLIUM.. 


10. Not only air, water, mercury, but all ſubtle effſuvia acceſ- 


ſible to experiments, are found to be heavy; but whether fire, 


light, electric and magnetic effluvia are ſubject to the ſame influ- 


ence, can only be inferred from analogy. Any aſſignable portions 
of theſe fluids, could they be included and confined in any veſ- 


ſel, and ſubmitted to the niceſt and moſt ſenſible modes of eſti- 
mating the weights of bodies, would, from the extreme minnte- 
neſs of their parts, bear no aſſignable ratio to a finite magnitude, 


11. PROP. Fluids exert a preſſure upwards, and laterally in every 
direction, which, at the ſame depth, is equal to the preſſure perpendicular 
to the horizon. 5 


Exp. 1. If a glaſs veſſel be filled with water, and its orifice be 
cloſely covered with a braſs plate, the upward preſſure of the air 
will keep the water from running out, when the glaſs 1s inverted. 


2. If ſmall holes be perforated in the bottom, or ſide, of a veſſel, 


whoſe top is cloſely covered, the upward, or lateral preſſure of the 
air will prevent the deſcent of the water: but if a ſmall hole be 
made in the top, the water will then run out. | 
. Two hollow braſs hemiſpheres kept contiguous will adhere 
together, when the air is exhauſted from the cavity, with a force, 
which requires a weight of about 15 pound, for every ſquare inch 


WEIGHT or FLUIDS. 


of a grids circle of the biſected ſphere, to ſeparate them. If the 
exhauſted hemiſpheres be ſuſpended under the receiver of an air- 
pump, upon exhauſting the air the lower heegiſpheve: will fall to 
the bottom of the receiver. 

4. A ſyringe being faſtened to a Jain of lead, 900 the ain 
being drawn upwards from the lead, the air will make the lead 
aſcend and drive 1t againſt the piſton. The piſton being hung in 
an exhauſted receiver, the lead and ſyringe will deſcend, and upon 
the readmiſſion of air, be impelled upwards againſt the piſton. 

5. Soft bodies ſuſtain the preſſure of the air without any change 
of figure, brittle bodies without being broken, and a man does not 
feel the preſſure upon any part of his body, though the preſſure, 
which they ſupport, be equal to a column of mercury 30 inches 
high, or a column of water 34 feet. This preſervation of 'figure 


11 


in the ſoft and brittle ſubſtances, and preſſure not perceived, are 


| owing to the equality of preſſure on every ſide; for, if the preſſure 


on one ſide be removed or diminiſhed, the effect of preſſure upon 
the other is immediately perceived by a change of figure. 

6. A ſmall column of mercury included in a tube, open at 
both ends, which is immerſed perpendicularly in water to a depth 
of a little more than 14 times the length of the column, will be 
ſupported by the preſſure of the water upwards: or, if a circular 
braſs plate be cloſely fitted to the orifice of an open cylindrical 
tube, by a cord or wire fixed to the middle of it, and the tube and 
plate be immerſed in water to a depth equal to 8 times the thick- 
neſs of the plate, it will be ſupported by the preſſure upwards. 

7. Let the lower extremities of a number of bent tubes A, B, C, D, E 
be inclined, in any different angles, to their longer legs, and ſtopping 
the higher orifices immerſe them in water to the ſame perpendi- 
cular depths; upon opening the upper orifices, the water will riſe 
in all to the level of the external water. A globule of mercury is 

equally preſſed upwards, at equal perpendicular depths, in all 
theſe tubes. 

8. The ſurface of paper or thin glaſs, or any thin ſoft ſubſtance 
en to any depth in water or mercury, being placed parallel, 

ä B 2 | or 


FIG. II. 
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12 | WEIGHT or FLUIDS. 
or inclined in any angle, to the ſurface of the fluid, is not broken 
or bent by the incumbent preſſure, though equal to many pounds, 
which muſt therefore be ſupported by an oppoſite and equal pref. 
ſure. Q. E. D. „ | 


|  SCHOLIUM. 

12. It abundantly appears, by theſe experiments, that the 
perpendicular preſſure of any column of air or water is, from ſome - 
unknown connexion of the parts, diffuſed laterally in every direction, 
and at the ſame depth, the preſſures eſtimated in any direction, 
whether perpendicular or inclined in any different angles, to the 

horizon, are equal to each other. What has been proved of air, 
water, mercury, muſt obtain alſo in all other ſubſtances, that are 
fluid, and under the influence of gravity. 


ELASTICITY of FLUIDS; 


CHAP. III. 


or Tur ELASTICITY or FLUIDS, 


13. DET. N elaſtic fluid is that, whoſe dimenſions are encreaſed by 
| | diminiſhing, and diminiſhed by encreaſing, the preſſure*, 


14. PRO. Air is elaſtic. 


Exp. I. A full blown bladder will yield to a preſſure, and re- 
cover its figure when that preſſure is removed; and a bladder not 
full blown, when put into an exhauſted gas will be diſtended 
and appear to be full. 


2. A bladder not quite full blown, baking put into a receiver with 


a ſmall weight hanging from it which juſt touches the bottom, 
will elevate the weight by the expanſion of the air, when the re- 
ceiver 1s exhauſted. 


3. If the open end of a tube, whoſe other orifice is cloſed, be 


immerſed perpendicularly in water, the ſpace occupied by the air 
will be diminiſhed as the depth of the tube, or preflure upwards, 
is encreaſed ; or, if the ſhorter leg of a bent tube be cloſed, and 


mercury be poured into the longer, the air will be compreſſed in 
the ſhorter into a ſpace continually decreaſing, as the quantity of 


mercury or preſſure is encreaſed. 
4. Warm water, or newly fermented end placed —_ a 
receiver, will appear to boil, when the air is exhauſted. 
5. If one of two communicating receivers be exhauſted whilſt 
the communication 1s ſtopped by a cock, the air will ruſh violently 
out 


* Newt, Princip. Lib. II. Set. 5. Muff. Vol. II. Ch, 39. Graves, L. II. Ch. 12. 
Cotes? Hy droſtat. P- 71. Helſh. Lec. XV. 
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* ELASTICITY of FLUIDS. 
out of the unexhauſted into the exhauſted receiver as ſoon as the 
cock is turned. 


SCHOLIUM. 


7.5. The limits of the condenſation and rarefa&tion of air, hy hu- 
man powers, cannot be aſcertained. * The degrees of condenſation 
produced by Boyle, Halley and Hales, are reſpectively deſcribed by 
them to be 30, 60 and 38 times greater than the denſity of at- 
moſpheric air; but Dr. Hales condenſed air into 1 551 times leſs 
ſpace than it naturally occupies, by water forced into -an iron 
globe, and frozen} But there are, in nature, limits which cannot 
be tranſgreſſed. Air has never been diſcovered in ſuch a ſtate of 
condenſation, as to ſuffer a penetration of its parts and an aggre- 
gate portion of it become one continued ſubſtance, Muſſchenbroek 
rarefied air till it occupied a ſpace 4000 times leſs than in its na- 

- tural ſtate . Mr. Boyle obſerves, that air may be ſo dilated as to 
become 10,000 times rarer than in its natural ſtate; and in aſ- 
cending the atmoſphere it becomes continually rarer, but the ra- 
refaction muſt ceaſe when the expanſive force of the particles is 
equal to their gravitation. A particle of the elaſtic fluid, ariſing 
from warm water, expanded itſelf into a ſpace 46656000000 times 

1 greater than itſelf +; and poſſibly the fluid, known by the name 

of air, may contain particles of different magnitudes and degrees 


of elaſticity, and many other Proper ties yet unknown. 


16. PROP. The elaſtic force of a air 1s pa to the ferce of com- 
E 5 


Exp. If the air be exhauſted from an open | tabe; one of whoſe 

- orifices is immerſed in mercury, contained in a veſſel fo cloſed as 
1 to exclude the external air; the internal air in the veſſel will ex- 
| | pand itſelf, and preſſing upon the ſurface of the —_— make it 

| | | riſe in the tube to the ſtandard altitude N Q. E. D 


30 Ho- 


1 | Hzmaſtat, Appen. p. 348, &, * Muſſchenbroek, Vol. II. p. 886. +14, 


ELAS TICITY or FLUIDS. 


«Croify ue 
17. When any portion of air, or of any other elaſtic fluid, is 


perfectly quieſcent, the reſiſtance and compreſſing force are evidently 


equal to each other; and preſuming that the particles do actually 
expand themſclves with forces equal to this refiſtance, their elaſti- 
city is, by many philoſophical writers, concluded to be equal to the 

force of compreſſion. But this concluſion- appears to me to be de- 


rived ſatisfactorily, only from the above, and ſimilar experiments, ; 


18. PROP. The elaſticity of air, not very different from its natural 
Jate, is inverſely as the ſpace occupied by it *. 


 Exe.1. A cylindrical tube AB, open at one end A, is filled with 


mercury to an altitude equal to AC before inverſion, and, "after 
the immerſion of A in a baſon of mercury, the air, which before 
occupied a ſpace equal to BC, is dilated through BD, and, if A H 
be the ſtandard altitude, depreſſes the mercury from H ro D. The 
elaſtic force of air in its natural ſtate, or occupying a ſpace equal 
to. BC (E), is to the elaſtic force of air occupying the ſpace BD (e) 
as the e of mercury which they are capable of ſupporting, 
or as AH: DH; but it is collected from experiments, that A Er: 
DH:: DB : BC, therefore DB: BC:: E:e. © 

2. Let the bottom CD of the tube ACDB be juſt covered, with 
mercury, and the orifice B being ſtopped, and more mercury 
poured into the leg AC, to any altitude CL, the air which, in its 


natural ſtate; occupied the ſpace BD, will. be compreſſed into the 


ſpace EB by the weight of the column of mercury LF, ſuppoſing 
F to be upon a level with E. The elaſticity of air in its natural 
ſtate, or occupying the ſpace BD (e), is to that of air occupying 
the ſpace BE (E) :: ſtandard altitude: ſtandard altitude + LF (16); 
but it appears from experiments, that BD: BE:: ſtand. alt. FL 

; ſtand, alt.; and conſequently e: E:: BE: BD. Q. E. D. 


19. Cor. 
Muff. Vol. II. p» 858. 


FIG. III. 


z 
* 
* 
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FIG. IV. 
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19. Cor. 1. Let h be the ſtandard altitude at the time of obſer- 
vation; and BD: BE:: H LF: b, and, dividendo, BE: DE:: 
5: LF. If h= 29 inches, and BE = 6, 5, 4, &c. inches, and 
BD = 7 inches, LF is found from penn to N roſs the 


value aſcribed to it by the above analogy, 


h 
BE : DE :: 5 : LF = 1 or from experiments 


6: 1 


I. ::29; 2 = 4 inches 
2 2229 # == 115 
+ 27-2 "15295 2 = 21; 
3z : 22 2802 29" == 29. 


20, Cor. 2. The denſity of the air being el as the ende 
(Mechan. art. 87.) or ſpace occupied, is therefore as the elaſticity, 


or as the compreſſing force (16); or, putting D, C, E, & for 5 
| denſity, compreſſin g force, elaſticity and ſpace reſpectively, Cs as 7 F 


or as D, or as E. 


SCHOLIUM. 


21. When the air is compreſſed into a ſpace four times leſs 


than the ſpace occupied by it in its natural ſtate, or when BE is 
equal to about th of BD, it does not vary inverſely as the force of 


cCompreſſion, the reſiſtance increaſing then much faſter . The 


Jaw, muſt neceſſarily be limited and cannot always obtain, for 
when the particles are in actual contact, the maſs muſt then be- 


come 1 f incompreſſible. 
22. Pac OP. The elaſticity of air is encreaſed by beat. 
Exp. 


Comment. Bonon, Vol. I. pag. 209. 


ELASTICITY os FLUIDS. 
Exp. 1, Air, included in a thin glaſs hermetically ſealed and 
expoſed to: a hot fire, will expand as it becomes warm, and at 
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length break the glaſs. If air be included in a flaccid bladder ex- 


poſed to a fire, the bladder will be inflated by the mann we 
the air and burſt. 2 135 

2. Air included in any veſſel, Mes to the at of boiling was 
ter, is ſo much expanded, that the encreaſe of elaſticity i is to the 
elaſticity of air in its natural ſtate, as 10:33, and ſometimes as 10: 
35. Let ABGDF be a narrow tube communicating witha large 
bulb, whoſe content is very great compared with the tube; pour 
in mercury to any altitude, DE LG, and, cloſing up the orifice at 
F, the elaſticity of the included air acting upon the ſurface DE is 
in equilibrio with the preſſure of the atmoſphere upon LG. Immerſe 
the bulb DFE in boiling water, and the dimenſions of the encloſed 
air will be encreaſed and elevate the mercury to an altitude, LH, o 
about 8.286 inches, when the ſtandard altitude'is 29 inches: 5 


3. Let a globule of mercury C be put into a tube AB, clolod.s at 


B and open at A, and prevent the air between C and B from eſ- 


caping: immerſe the tube in boiling water, and the ſpaces oecu- 


pied by the air then, and when freezing cold, are diſcovered to be 
to each other as 3: 2. By methods ſimilar to this it is found, 


that the expanſion of air in the heat of ſammer, and at the point 


of freezing, are to each other as 7: 67 in England, At Peterſ- 
burgh, the expanſion of air expoled to N water, the extreme 


heat of ſummer a cold of nen, were + obſeryed to be as 6, 45 3 
epa 8. =: 


SCHOLIUM. | 
23. This expanſion of air, though expoſed to the lame degree 


of heat, is not the ſame in experiments made at different times. 


owing to the difference of denſity, coldneſs, humidity, &c. If air 


Be” tolerabiy pure and be condenſed, its encreaſe of expanſion, 


when 


8 C Ae P Hiſtoire de PAcad. Roy. 1708. + Muff, Vol. II. pag. 883. - 
t Hawkſbee Phyfico Mechan. Exp. pag. 170. 1 Bernoullii Hydrodynamic. Sect. 16. 
C | | 


FIG. V. 


FIG. VI. 
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when expoſed oiling water, is proportionable to its denſitj; 


the encreaſe of expanſion does not obſerve 
this law *. The expanſive force of hot ſteam, may exceed the 
force of gunpowder more than 3o times, and indeed is irreſiſtible 
when the heat is intenſe; and air therefore impregnated with 
water, may poſſeſs an expanſive power by heat, much greater than 
that of pure air. Whether the degree of expanſion in pure air be 
proportionable to that of heat, by which it is produced, is not 


but if the 


known; but it is obvious, that the variation of ſpace, occupied by 


a portion of air expoſed to different degrees of heat, may be ſuffi- 
cient to convey uſeful though imperfect ideas of the real quantity 
of heat. And upon this principle air thermometers are conſtruct- 
ed, which are chiefly uſed to ſhew ſmall variations of heat. 


24. Prop. Water, mercury, Ge. and gold, fitver, braſs and other Mes 
only are oo ” vas. 


Exe. r. If water, mercury, or any fluid excepting air, be con- 


tained in a veſſel placed over a fire, they ſoon become as hot as 
they can be in the open air, are agitated, and emit bubbles or boil, 


and their dimenſions are found to be gradually augmented, From 


the point of freezing to that of ebullition, the encreaſe of magni- 
tude of alcohol is 3, of water &, of mercury 3, part of the whole 


magnitude. If the following fluids, at the point of freezing, be 
placed in bannt water, their dimenſions are thus magnified, viz. 
mercury 25; water 2; ſpirit of wine 83 linſeed oil 2; 1 of 


their whole bulk J. 


2. If the heat be encreafed, the contiguity of the parts is far- 


ther diminiſhed, and the fluid is diſſipated in elaſtic vapours. 
3. A bar of iron, braſs, &c. is ſenſibly longer when hot than 
cold; and a cylindrical piece of iron, braſs, or other metal, when 


heated, cannot paſs into a ring though equal to their circumference 
when cold, 
the The 


„ Muff. Vol. II. p. 579. + Phil. Tranſ. No 454. pag. 162. 
1 Muſſ. Vol. II. pag. rg. Nollet's Legon's Phy. Tom. 8 pag. 397. 


ISS” Sond” OR”: 


ELASTICITY OF FLUIDS. 
4. The ratio of expanſion of metallic rods of the ſame diame- 


ter, placed in boiling water, are deſcribed to be, in braſs 94, in 


orichalcum rok, iron 75, lead 154, alver 81 +, 


$SCHOLIUM. 


2x. It does not appear that the expanſion of metals, expoſed to 
the ſame heat, follows any inverſe ratio of their weight, or hard- 
neſs, or any ratio compounded of theſe. And it ſeldom happens 
that the iſſues of ſimilar experiments agree; becauſe the metals, 
though known by the ſame names, may not have the ſame quali- 
ties, not being equally pure from foreign mixtures; and this-with 


different ſtates of the atmoſphere when the experiments are made, 


and other cauſes, may operate to the production of very different 
_ reſults. The expanſion of water, mercury, or of metal bars, may 


be applied as thermometers, for the menſuration of heat, in the 


ſame manner with air, and with more certainty, becauſe more Ho- 
mogeneous. It does not appear from this dilatation of fluids by 
heat that hey are elaſtic. 


2 6. PROP. Water, en Tm are ' compreſſible. | 


Exp. 1. Take a glaſs lube, whoſe length i is about 24. ackich 
with a glaſs ball at the end of 1: inch in diameter. Fill the ball 
and part of the tube with mercury, water, ſpirit of wine, &c. ex- 
hauſted of air, and heat it till the fluid rife to the top of the tube; 
and ſeal it hermetically. When the tube and fluid are cool, ob- 
ſerve the height of the fluid, and, breaking the top of the tube to 
admit the air, the fluid is obſerved to be depreſſed very ſenſibly, 

2, In the laſt experiment, obſerve the height of the mercury or 
water, when heated to the temperatuse of 50 by Fahrenheit's 
thermometer; heat the fluid till it riſe to the top of the tube, 
which muſt then be hermetically ſealed to prevent the readmiſſion 


8 the air; and when the fluid is brought to the ſame degree of 


heat 
4 Muf, Vol. II. pag. 612. 
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ELASTICITY or FLUIDS. | 
heat as before, its altitude above the ball is found to be greater, 


In mercury and water, the exceſs of altitude 1s reſpectively as and 


parts of an inch. W D. 


SCHOQLIUM. 


27. If the ratio of the tube to the ball be known, the nds 
of compreſſion correſponding to any given weight may be known. 


Thus Mr. Canton filled the ball and part of the tube with water 


exhauſted of air, and, leaving the tube open, placed it under the 
receiver of an air- pump, and obſerved the expanſion of the water 


correſponding with any degree of rarefaction of the air; and then 


by a condenſer, he obſerved the quantity of compreſſion anſwering 
to any degree of condenſation. After repeated experiments, in a 


temperature of 50, and the mercury ſtanding in the barometer at 


a mean altitude, the compreſſion of water by an additional atmo- 


ſphere, was diſcovered to be one part in 10870 of its whole bulk. 
By this proceſs, the compreſſions of the following fluids are found, 
when the thermometer is 50? and the barometer at 294, 


Compreſſion of ſpirit of wine 66 mill, . 
oil of olives 48 


rain-water 46 
Aea-water 40 
mercury | 32 


As theſe fluids expand when the preſſure i 1s —— — are cons. 
tracted when it is incumbent pen: them, they. are elaſtic * 


* Philoſ. Tranſ. Vol. 7 WO en 103. Vol. LIV. 1764, Art. 47. 
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528. It E enen of fluids is the force with hich t die t mos 
tion of bodies, in fluid mediums, is retarded, and is 


generally meaſured. by. the quantity of motion deſtroyed in the 
moving body in a given time. In the impact of hard or ſoft 
bodies of ſenſible magnitudes, the whole motion loſt by the 
impinging body, is communicated to the body ſtricken, ſup- 


poling the: motion. to be eſtimated by the quantity of matter 
multiplied into the velocity; and the ſame law would certainly 
obtain in the communication of motion to the particles of ffuids, 


were the circumſtances ſimifar in every reſpect. If the particles 
of fluids were therefore perfectly diſunited, the reſiſtance would 
be meaſured, either by the quantity of motion loſt by the moving 


body, or that communicated to the fluid ; but the conſtitution of 


all fluids! is ſo much unknown, that this law ought not to be con- 
ſidered as a general principle, nor applied. to ſynthetic reaſoning,” 
without an appeal to experiments upon each particular fluid. The 


ſmall corpuſcles, of which ſome flaids are compoſed, though poſ- 


Pg. the ſame i inertia and mechanical alfections with other bo- 


9 * 


tion communicated to one He nar will, Wo this Connexion, bo. 
diffuſed laterally, in different directions, according to its infliiinee: 


upon the corpulcles lying within the ſphere of its action. And 


beſides. 


»» Robins Tracts, Vol. I. p. 125. Newt, Princip, Vol, II. Se&. 6. Herman, Phoron. p.336. 
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RESISTANCE of FLUIDS. 
beſides this, the reſiſtance to a body moving in a fluid is depend- 


ant upon ſome other circumſtances not obtaining in the impact of 
bodies of a ſenſible bulk, and ariſes frequently from the inertia of 


the parts combined with the weight of the incumbent fluid, and 
will be different at different depths. Reſiſtance, as far as we have 


occaſion to conſider it, ariſes from the i inertia and the tenacity, or ad- 


heſion of the conſtituent particles, and is much affected by the com- 


preſſion of the fluid in which a body moves; and as the quantity 
of motion communicated to the fluid, and the force of coheſion, are 
not diſcoverable, it is. generally meaſured by the! Oy of mo- 
tion loſt by the * 80 : | 


| 29. I. When the foremoſt ſurface of a body; moving i in a fluid, | 


is perpendicular to the direction of its motion, or when the par- 
ticles of a fluid are impelled by any ſurface, or impinge againſt it 
quieſcent, perpendicularly ;, let be the quantity of matter, or 
number of equal particles of the fluid, to which motion is com- 
municated, V the velocity, and Ax is the quantity of motion 
loſt by the body and acquired by the fluid, which meaſures, the 
reſiſtance (R) ariſing from inertia, in a given time. But 2 evi- 
dently varies as Y x D (ſuppoſing. D to be the denſity) and conſe- 
quently R varies as Y2 x D. If the firſt ſurface be oblique to the 


direction of motion, or the fluid be impelled obliquely, the whole 

force of the moving body 1 is not employed i in communicating mo- 
tion, in the direction in which it moves, nor is the reſiſtance mea- 
ſured by the whole motion communicated, becauſe part of it is in 
the direction of a tangent to the ſurface at the point of impulſe, and 


occaſions no reſiſtance to the motion of the body; and the obli- 


quity of the ſurface may conſequently be ſuch that the reſiſtance, 


ariſing from inertia only, . will be evaneſcent. The concluſion is 
clearly the ſame whether a body move in a fluid, or the fluid i im- 
pel the body, in an oppoſite direction with the ſame velocity. 


30. II. In 


„ 
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30. II. In fluids uniformly tenacious, a determinate quantity of 
force is required to deſtroy the coheſion and ſeparate the parts, 
whatever be the velocity of the moving body; and conſequently” 
the quantity of motion leſt, or the reſiſtance, is as the time, or 
conſtant. In a fluid therefore poſſeſſing any. degree of tenacity, 
the whole reſiſtance ariſes: from this tenacity and the inertia of the 
parts combined. together, and is partly conſtant, and partly varies 
as the ſquare of; the velocity. In air, water, and all other fluids 
that are not glutinous, the reſiſtance ariſing from: tenacity. is in- 
conſiderable compared with that ariſing from. inertin. fo by 


37. III. If a fluid be uncompreſſed, or the effect of compreſ- 
fion be ſo ſmall, compared, with the velocity of the body, that the 
ſpaces. deſerted. by it, remain for ſome. time empty;; the reſiſtance 

upon the foremoſt ſurface will be: encreaſed. Let a body P de- F1G. vn. 
ſcend in water er air, with a velocity ſo great, that the compreſ- 
ſing foree does not impel the fluid into the ſpace immediately de- 
ſerted, before the body changes its place again; and the preſſure 
upwards, and conſequently reſiſtance, u ypon any. point of the 
firſt ſurface; beſides the inertia of the parts, is equal to the weight | 
of a column of the fluid, whoſe depth is equal to that of 23 for 

there is no weight upon the oppoſite point 7 to balance it, the 
preſſure upon the ſurface g being entirely removed. The re- 
ſiſtance is alſo-encreaſed by an accumulation of the fluid upon the 
ſurface 9; and ſtill more ſo if the fluid be elaſtic, becauſe the 
repulſive force of the particles is encreaſed by their nearer ap- 
proach. The velocity of air ruſhing into empty ſpace, 1 is- about 
1296 feet in 1” ;-and if the velocity. of a body in air be greater 
than this, the ſpace. laſt deſerted by it muſt for ſome time be 
without air, and the reſiſtance upon any point, in the foremoſt 
ſurface, conſequently, be enecreaſed by the incumbent atmoſphere, 
or the. weight of a, column of mercury whoſe height is about 
30 inches. The diameter of a ball of 24 pounds, 18 5.457 inches, 
and the area of a great circle. of the ball is 23.385. inches; and 
3 Me allo W- 
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allowing F poüintis th he. the pmſſire upom one ſiuart᷑ ichs the 
reſiſtance arifingiffom the whneumbent Weight 18235098 pounds. 


"The enckeaſe bf refiflante»depends pon tlie degreclof —— 


produced by the body, and encheaſes ſo faſt (21) a8 tb fendepdll 
attempts to augment” the: velocity of military projectiles, - beyond a 
certain point, very linconvenient, or perhaps impracticable. The 
velocity may be ſo great ag ito: produce. a degree of cmpreſfon 
that deſtroys the body s motionę and it win tleni be reflected in an 
oppoſite direction. Thus ſmall ſliot are often ineffectual, or re- 
ene when fired with 828 Breat * of © man neh 


32. IVI If che fluid be ſo much compreſſed! that the bekeriy 
gehernted by compreſſion is much greater than the velocity of the 
body, the fluid will be impelled, almoſt inſtantaneouſſy, into the 


places deſerted by P: ſo that the preſſure, upon any two oppoſite 


points r and , will be nearly in equilibrio; for it is evident, that 
the fluid is always accumulated upon the foremoſt ſurface of a 
body moving in it; whieh, from the compreſſton, will move to- 
wards 7, where the fluid is rarer. And henee, the particles con- 
tigudus to the firſt ſurface, will circulate round the body with a 


retrograde motion; and for this reaſon, the quantity of fluid pro- 
truded, and reſiſtance ariſing from it, is Ieſs in this medium than 
in one where the parts are perfectly diſunited, the reſiſtance of a 
cylinder, moving in the direction of its axis, being. only *th,' and 


that of a ſphere ; of the reſiſtance ariſing from inertia- The 
quantity of refiſtance i in a medium much compreſſed, depends up- 
on the greater or leſs facility with which the partieles of fluid im- 
pelled by the firſt ſurface, can circulate backwards; and it is the 
ſame conſequently when the traverſe ſectiom is the ſame. Air is 
compreſſed by the incumbent weight bf the atmoſphere, and, any 
point of a body immerſed in water, by the weight of. the incum- 
bent column; and theſe compreſſing forces will equally urge the 
firſt and laſt ſurfaces of bodies moving with velocities not very 


Wen but the laws of reſiſtance are only diſcoverable from expe- 
riments; 
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riments; and from them it appears to be an eſtabliſhed principle, 
that, in motions. within certain limits, the reſiſtances of air and 
water vary nearly as the ſquares of the velocities of the n 


| body. 


33. LEMMA, if a . Fey P, vibrate about C in a curve 
line AVB, in a reſiſting medium, by the action of a conflant force, G 
parallel and equal to CV, and deſcending from P aſcend to F, and PVF 
be flretched out into a right line, to which perpendiculars, R, are erected 
proportional to the reſiſtance in the correſponding points of the curve, 

the rectangle under CV, and the di rs of the abſciſſes, © or CV xIK, 
7s 18 to the area de Nee by R | 


Let An = G be reſolved into two forces, qu perpendicu- 
lar, and Q 9 parallel to the tangent at ; and from ſimilar trian- 
gles, Qr:rn(ON)::Qm:29q::G : that part of G which ac- 
celerates the body, and which is equal to 1 8 | The whole 


'GxON_ 
5 


7 accelerating force (4) = = — KX, and taking 2 = Qr, 


fx 2 = G x on — Rx 27 =0% (ſuppofing v to be the velo- 
city at Y; and taking the fluents, and ſuppoſing P ta be at E 
or vo, GX IK D area PF v deſcribed * R. QE. D. 


34. Cor. If AFB be a cycloid, and G = = CV = 27D. A 
the area PFv, deſcribed by R, = 2YVDxPI=VR= =2VG% — 
25H: (ſim. triangles) = VP? —!V M* =!x VP +PFM x 
FP —VM=;PPYP x FX, the defect from a vibrations in vacuo. 
This is Newton 8 nen. V Vol. I Sect, 6. * 30. 
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3 5. LEMMA. Jf pf be the arc of another vibration fretebed out into 
a right line, and xf be the dgfect from that in Vacte, and PP, pf be 
divided into very ſmall correſponding parts Z and 2, which are to each 


other in the ſame ratio of PF: pf, and the ratioof R: r be given, then 
the de * XF and xf will be to * _ in * ratio. 


The times of deſeriding PF and 5 5 and any correſponding 


parts 2 and 2 are equal, and conſequently “: v:: Z“: , or as 


PF: pf. Conceive XF and x, the whole defects, to be divided 


into che ſame number of parts, each of which is occaſioned by the 
reſiſtanees at correſponding points, or R and 7, and whoſe ratio is 


that of the decrements of the velocity, and, componendo, XF: xf 
in the ſame ratio. But (33) XP x PF: xf x p:: ſum of all 
the R x Z': ſum of the r* :: PFxR:pf xr, becauſe Z': :: 
PF: pf, and R: :: whole reſiſtance ariſing from R : whole re- 


fiſtanee from r. Q. E. D. 


36. Cor. Since the defects XF, x fare as the reſiſtances at any cor- 
reſponding points; if theſe be the middle points of the vibrations 
and the reſiſtances be as Y, Ve, Vs, &c. ſuppoſing Y to be the ve- 
locity at V, the defect XF will be as V, V, Js, &c. or as PP, PFs, 


Pf 3, & c. 


37. PROP. The refiſlance of air to ſpherical bodies moving in it, with 


velocities contained between certain limits, varies as 9115 Ee of the 
deat ts | | 


> Jo >#-+ 
8 


oe 


1. Let a ſpherical piece of wood, whoſe weight i is 67202. and 
diameter 6; inches, be ſuſpended by a ſlender thread, whoſe length 
between. the point of ſuſpenſion and center of oſcillation is 10; 
feet, perform different vibrations 3 and it appears from exper 


ments that, : | | z 
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if the arc deſcribed in m__ 
firſt deſcent be 
the arc of laſt aſcent is N 1. $5" a 1 =» 56, inches. 
their differences are , , 1, 8. 8 wi 
Numbers of oſcillations are 164, 121, 40 18005 $3,980. N 2 


Divide the differences by the number of oſcillations, and the quo- 
tients a, 25 &» £ £ 2, will be the arcs deſcribed in one deſcent, . 
and the ſubſequent aſcent in a mean vibration v. But if the re- 
| fiſtance be as the ſquare of the velocity, theſe laſt differences will 
be as the ſquares of the whole arcs, and their ſquare roots as the 
arcs themſelves. The ratio of the arcs 0 Fat of t : 2, andf the 
ſquare roots of the differences zu, 47, 4» 7» 5» 2, Or of numbers in 
the ſame ratio 1 2.71, 9.5, 36.95, 141.8, 542.7, are nearly 
equal 8 3. 9 11.9, 23.3, Whole ratio 
is nearly. that of bar 2. 2 it Du 
2. Let a ſpherical piece of —_ vibrate till "th of its motion he 
deſtroyed by the reſiſtance of the air, and the motion be reduced - 
to that in a cycloid; and the velocities at the middle point of the 
vibrations are as the arcs, or as 1: 2, and the reſiſtances at 
thoſe points as the differences of theſe Arcs, whois re roots 
are found to be nearly as 1:2. 


he 4 8, 16, 32, 64, inches. 


3 
\ 7 


Ares deſeribed in the firſt deſ. 2; 4 r 9 


f Ibid. 1 in the laſt aſcent Hy 3, ©, „ 24. 467 
Number of vibrations 374, 272; 1024, $43, 475, 29% 
Differences of the ares . 4, 1, 85, 45) 8, 16. 


Differences of the ares de- . ö 
ſeribed in one deſcent, and = 2 4. # "$6 
the ſubſequent aſcent of a 272 1627 837 
mean vibration, proporti- 374 7 Wer © 37 417 22 


onable to the reſiſtance. 


LY 1 * 9 * ">. 


»The mean oſcillation is an arithmetic mean between the greateſt and Teaft oſcillation. 
In Exp. 1. the arc deſcribed in the firſt vibration is almoſt 4 inches, the arc deſcribed in the 
laſt is 35, and an arithmetic mean between them is 34 inches. The other mean arcs are 7 
15, 30, 60, 120; and the ratio of their length is that of : 2. 

D 2 


1 2 — 22 . 
—— , _ 
* 
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The ſquare roots of theſe differences, or of numbers in the 
ſame ratio, VIZ. I, 2.75, 9.21, 35 9, 143.6, 528, e 
are 8 178 bye 3» 7 99. 12,” 25, ande are nearly 
as 1:2. | [3 5.7, I18 $0 

3. If a ſphere of lead, Abele diameter 18 2 Aches, and weight 
26; oz. be ſuſpended by a ſlender thread whoſe: length between the 
point of ſuſpenſion and the center of oſcillation is 18; feet, vibrate 


as before, till zth of its motion be lac Of reſult is as follows: 


Arcs deſcribed-in the firſt deſ. Ts 2, 47 . 16, 32, 64, in. 
Ibid. in the. laſt aſcent 3, , 34, 7, 14. 28, 56, in. 
N umbers of vibrations 226, 228, 193. 140, 90 525 30. 5 


Diff. of the arcs deſcribed 5 
* in one deſcent, and HEY 1555, ve, re; rs r, A 7 
ſubſequent aſcent ) 


Abet differences are nearly PR ad their ſquare roots, or of 
the following numbers in the ſame ratio, as 1: 2. Numbers in 
the ſame ratio with the differences are 


18,5, 1.98, 4.86, 12.91, 39.96, 136 PE 482. I, whoſe ſquare | 


roots are 1, 1.4, 2.2, 3.59, 6.32, II. 67. 21.95, e in the 
greater oſcillations are nearly as 1: 2. 


4. Let the ſame ſphere vibrate till i it loſe ah of its motion, and 
Arcs deſcribed in the firſt „ „ 8, 16, 32, bai = 


= . deſcent are 


Ibid. lender e Bows he 33... 26. 48, in. 
Numbers of vibrations are 510, 518, 420 416 204 121, 10 
Diff. of the arcs ae TE 


36 ove defceht and the Firs rope hens ware 72, 1 n 
ſubſequent a aſcent : 
Numbers in the ſame ratio 1, 1. 97, 4. 86, 12.83, 40, 134.9, 466. 33 

whoſe ſquare roots are 1, 1.4, 2.2, 3.58, 6.32, 11.6, 21.6. 
5. When a greater ſphere of lead, whoſe diameter was 35 inches, 
weight 166; 0z. and diſtance between the point of ſuſpenſion and 


center of oſcillation. 126 inches, vibrated till zth of its motion 


were loſt, the reſuit was as follows: : 
Arcs 
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Arcs deſcribed: in the firſt deſcent ted 16, 64, inches. 


Ibid. in the laſt aſcent 53 18% G i Yoo! inches 
Numbers of vibrations? 535, 287, 885 H 
Difference of the arcs deſcribed in a . £53 1 08 Ne 

deſcent, and the ſubſequent. aſcentS, 772 FIT l 6 » | 
Numbers in the ſame ratio 1, 3 73» * whoſe, 00. 
ſquare roots are nearly as the * VVV 


The above ſets of experiments prove that in dome N 
locity varies as the ſquare root of the reſiſtance nearly, and the 
deviation from this law, 1 in Other: caſes, 1 18 ee owing to errors 


in the experiments. | act to , 
: 2 917 3-3 ACM 


* ABCD is cylindrical braſs barel, whole diameters'2.06 
inches. GH is an horizontal arm, with a thin featheped"ellge, 
inſerted in the cylinder perpendicular to its ax1s; whoſe pr 1s 


49.5 inches. Upon GH. at its extremity, is fixed a ſpherical balkP,- 


of paſte-board; and the cylinder and arm GH afe made te relle 
about the axis by a weight at M, connected witly the cylinder by 
a ſtring tied to it and paſſing over the pulley LV. 
To find the reſiſtance of P, moving upon the horizontal arm 
GH as deſcribed above, with ſmall velocities, ſuppoſing them and 
the weight at M to be known: let the weight at M u and the 
velocity of P, after its motion becomes uniform, be # turns F. 
Subſtitute for P a thin plate of lead, equal in weight to Pr and 
whoſe reſiſtance is evaneſcent; and let 5 be the weight of a body 
at M that will make GH perform 4 revolutions in F., and 6 is 
evidently the reſiſtance of the arm GH, and w — 3 the weight of 
a body at M equivalent to the reſiſtance at P. If v be equal to 
3:1b. P is found to revolve 20 times unifortnly in '21.5%;' and-a 
plate of lead equal in weight to P, being ſubſtituted for it, a 
weight of 11b. at M makes GH revolve 20 times: in';leſs than 
19”; and conſequently a weight of 25 lb. is not more than equi- 
vatent to the reſiſtance of P. Since the radius of the cylinder 


FIG. VIII. 


is nearly th of the radius of e e deſcribed by the center 


of P, the relifiance of P 1s, at lea 
and 


equivalent to th of 2:1b. 
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and not leſs than 202. avoirdupoiſe, when its velocity i is 20 re- 
volutions in 21.5", or 25 feet in 1”, The reſiſtance of air to 
P, moving with different velocities, being thus eſtimated in the 
following experiments; the concluſions are found to coincide with 
thoſe derived from vibrating bodies, and to confirm the truth of 


the prop. 


Exr. 1. If v = Ilb. P revolves 10 times in 12775 
2. If w=3alb. P revolves 20 times in 27%. 
. If m == Alb. P revolves 30 times in 27% + 
bs If wv = glb. P revolves 40 times in 27%. 
The velocities of P are as 1, 2, 3, 4; and the reſiſtances are PI? 3 
according to the preceding lemma, to be as the ſquares of the ve- 


locities, or as 1, 4, 9, 16. ms D. 


IT i 


38. Pop. The . of water to bodies moving in it with» ve- 
lodities contained between certain Hats, Varies N as the ſquare of 


the velocity. 


1. A ſphere of lead vibrated in water till *h of its motion was 
loſt, and the reſult was this: 


Arcs deſeribed in de- 55 e 
cending 76, 8, 4 25 T, X 72 In. 


Ibid. in tſcening VVT 
Numbers of vibrations 33, 61, 12, 213, 34, 53, 624, 

Diff. of the arcs de- =; _— | 

ſcribed in theſe “ VVV 

numbers of vibra- 4 > ow TY 

tions 


Diff. of the arcs of 
aſc. and deſc. in the 
time of one vibrat. 
and which varies 
as the reſiſtance } 


3 2 4 | _— ; 8 3 3 
7 77 TTT TTT) Trr Tro Frrirrr z 


Numbers | 
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Namber in the at's 860.7, 306, $0.98 15 477 65 35 ry 1. 


whoſe ſquare roots are) 
nearly as 2: I, or as 5 29.27, 1. 5. 8.99, 48, 27, Fs RO 
the velocities | 8 8 
* 2. A hollow here of braſs, whoſe weight was equal to that 
of an equal bulk of water, being loaded with different quantities 
of ſhot, deſcended from reſt through 60 inches of water; and the 


reſults were theſe, viz. 
Weight included; Time by exp. Time by theory. Diff. 


— 


Ex P. 1. 11 grains, „FCC 94. 66, 
2. f v7.3, 286.66, 64. 

3ꝗ. 1 grain, 46-34, . 1.88. | 

Q. E. D. 0 ; 5 2: 91 


+ 39. PROP. The aner of water and air to | ſpherical Bodi & moving 


in them with velecities contained between” certain limits, varies as the 
ſquare af the — multi plied into the * —_ one 


A globe of wax, including different quantities of lead, de- 
ſcended from reſt through 112 inches of _— and the reſults” 


were theſe: 
153 

Space deſcribed by experiment is 112 abe in water. 
Weight of the globe | Space deſcribed by le 

in air and water, by theory. 1. 


Grains. Time. Inches. A 


Exp, 1. 156; in air | i Ons 
 770inwater 4s 12.08. 
2. 76 1 in air | . | 


i | a 
5¹⁶ in water 15 9 | 113.174. 


3. 121 in air J ” 3 
1 in water 48”, 2 5 9a 1 
In the n experiments, which ſeem to have been made 


very 
1 Atwood, on Rect. and Rot. Mot. p. 163. + See Nouvelles Experiences ſur la Reſiſtance des 
Fluides, par M. M. D' Alembert, le Marquis de Condorcet, and l'Abbè Boſſut, where theſe 


propoſitions upon reſiſtances are demonſtrated very ſatis factorily by. a great many experiments 
upon a bodies. 


«Ik 


32 


RE SIS TA NCE or FLUIDS. 


very accurately, equal balls of wax including, as before, different 
weights, deſcended through 182 inches of water; and the: time 
was counted by a pendulum vibrating half-ſeconds. | 


Space deſeribed in water by experiments is 182 inches. 
Weight in air Mean number of Number of oſcil- 


and water. oſcillations by lations by 
Grains. experiment. theory. 
Exp. 1. 1394 in air 2 7 | 
71 in water 49:52 50 
2. 1 54x in air [ F 
214 in water J | JO. 29 
3. 2123 in air | | g ; „ 
795 in water 3 107% „ 15 
4. 293 in air I 3 ts : 
335 in water . 28 
5. 139 in air | 
6< in water T9 52 
6. 2737 in air _ 1 ) 
140; in water * mL 
7. 48 in air ! _ . 
32.2 in water 4422 46; 
8. 141 in air : OS 
- 1 6 : 6 2 
45 in water 3 a 


The two following tables exhibit the reſult of experiments 
made by Sir I. Newton and Dr. Deſaguliers. In the firſt a ſphere 
of glaſs deſcends through 220 feet in air; and in the ſecond a 
ſpherical bladder, filled with air, deſcends in air through 272 feet. 


Space deſcribed from reſt in air by experiment is 220 feet. 


Weight of Space by 
the ſphere. Diam. in theory. Difference. 
Grains. inches. Time. . Ft. In. 
Ex P. 1. 510, 3.1, 8.12 226. 11, 6. 11 


77 ts 230. 9, 10. 9 
„ 7. 227. 1, 7.10 
4. 515, LL 7 +57» 3 
5. 480, 3. 8.12, 225. 5, 5 5 
6 


+ - 745 œ ˙ !.. ̃ ] Þs., -29» 7 
: | Space 


e 
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n wh r #4» 


* 4 


* 


7 , 1 TEC 5 b 5 * 5 r £ 7 2 * 3% yt 5 * $3 i by 2 21 v3 21. > 8 Fs 0 2 HJ; 22 7 
ce deſc from air eriment 18-270 feet. 
. Space deſcribed from reft, in air, by experiment is 270 feet. 


Weight of | Space by 1 
.- the ſp Diam. in et? $5 -: 1; RT; ; 65 ifference. 
. OT a ou 
Exr. 1. 128, "p26, 19, 271.1, —o.L 


2. 156, $I, 17 _. 272,0,, 0.00. 
„ z. 1392, ů ˙ir , 

4. 97% 346, 322, „% „„ 
J. 9% 5, zn, 82.0, +100. 
The reſults of theſe experiments, of bodies falling in water and 
air, do not differ very much from the theoretical concluſions, but 
the theory ſuppoſes the reſiſtance, cæteris paribus, to vary as the 
denſity multiplied into the ſquare of the velocity, which hypothe- 
ſis, from the coincidence of experiment with it, muſt conſequently 
be nearly true. QE.D. 4 ti? © 


SCHOLIUM. 

40. The limits of the velocity, where this law of the reſiſtance 
begins and ceaſes to take place, is not aſcertained; but it appears 
from theſe and other ſimilar experiments, that it does not obtain 
in very ſlow, nor in very ſwift motions. 1. In ſlow motions, the de- 
viation from theory may be owing chiefly to ſome errors in mak- 
ing the experiments, which, in eſtimating very minute quantities, 


are unavoidable. The leaſt protuberance and difference from a ſphe- 
rical figure, or improper ſituation of the center of gravity, when 


the body is liberated, will communicate a librating motion, and 
deflection from the vertical line, in which it is ſuppoſed to deſcend, 
or curve in which it is ſuppoſed to vibrate. Theſe cauſes are un- 
doubtedly ſufficient to produce the want of coincidence between 
the theory and experiments; for though their effects be ſmall, yet 
they may be obſervable in the compariſon of very ſmall quantities. 
And in water and every other fluid, poſſeſſing any tenacity, the 
coheſion being conſtant, may be inſenſible in great velocities, 

IG 8-3 where 
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where the reſiſtance is great, and yet appear in very flow motions, 
and bear ſome ers ratio to the reſiſtance ariſing from 
inertia. 

2. In very ſwift motions the theory i is certainly not applicable | 
without correction; which will depend upon the velocity of the 
moving body, compared with the velocity, generated by the force 


of compreſſion. Since the velocity of air, moving into empty 


ſpace, is about 1296 feet in 1”; when the velocity of a body is 
leſs than this, the reſiſtance varies nearly as the ſquare of the ve. 


| locity; but when the velocity exceeds it, this law cannot obtain, 


the reſiſtance, being greater and enereaſing as the weight incum- 
bent, or compreſſing force, encreaſes. The reſiſtance to a 12 lb. 
ball, moving in air, with a velocity of 25 feet in 1“, is 2 oz. and 
the reſiſtance, according to the theory, would be about 1 445 lb. 
when the velocity was 1700 feet in 1”; but it is in reality three 
times greater, being equal to 433z1b. | 5 | 


FS 2er 


1 = | * vl 
| W 


8 


— — — 
_ I — — =” 


6 


* — — — — = — 
P ˙ . ²˙üÄ q . ⁰˙¾ä m — aw 


(En 
CHAP. v. 


Or THE ASCEN T oF FLUIDS BY THE ATTRACTION 
oF COHESIO NX. | 


41. PROP. WH 4 TER, ſpirits of wine, Sc. in contact with glaſs, 

metals, * and moft dry porous Subſtances, will 

| ſpontaneouſly move in a direction oppoſite to that of gravity, and remain 
ſuſpended above the level of that in the veſſel containing it. | 


Exp. 1. If two poliſhed plates of glaſs, metal, ſtone, &c. holden 
contiguous, or glaſs tubes of ſmall, diameters, be dipped in water, 
it is ſenſibly perceived to aſcend in a direction oppoſite to that of 
gravity, and then continue ſuſpended. If the diameter of a glaſs 
tube be .2,ths of an inch, the perpendicular altitude of the fluid 
is about {th of one inch. In capillary tubes, its altitude is much 
greater : the greateſt altitude, in the fineſt capillary, 1 is not, accord- 
ing to Dr. Hook, above 21 inches. 

2. Sugar, ſalt, ſponge, and moſt dry porous ſubſtances in con- 
tact with water, will make it riſe to conſiderable altitudes above 
the level. If a large tube of glaſs be filled with ſifted aſhes, well 
preſſed together, and one end be dipped in ſtagnant water, the 
fluid will aſcend ſlowly in the aſhes, and in ſome days arrive at an 
altitude of 30 or 40 inches above the ſtagnant water. The aſcent 
of each lamina of water, ſeems to ariſe from the attractive force 
of the lamina of aſhes, contiguous to its upper ſurface. 

3- The aſcent of moiſture up the fine tubes of vegetables, and 
the motion of the various juices through the glands in animal 
bodies, according to their * natures, ſeem to refult from this 

prin- 


@ „ Moſichenbroek, 1066, &c. Graves, Lib. I. Ch. v. Helſham, Lect. I. II Cotes's 
Hydroſ. p.223. Newt. 3 p.380. Hamilton, Lect. II. Deſagul. p. 10. Philoſ. Britan, p 17. 
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principle of motion. The ſmall tubes, compoſing their roots, 
take in different juices, according to their different conſtitutions, 
juſt as the ſame capillary tube of glaſs acts difterently on different 
fluids; for water, though heavier than ſpirit of wine, is raiſed to 
nearly twice the altitude in the ſame tube, and tubes made of 


different ſorts of glaſs, are found 1 to 1 * attractive 


forces. QE. D. 


42. PROP. | The altitudes to which water riſes in cylindrical glaſs 
tubes of ſmall diameters, or between contiguous glaſs plates immerſed i in 
it, Vary as be diameters 'Y the ber, and df HEAR id the _ in- 


werſely 


Exp. 1. If the tubes A. B, C, D, E, &c. ſucceſſi ively decreaſing 
in diameter, be immerſed in water, it will fpontaneouſly aſcend to 


the points à, b, c, d, e, &c. whoſe perpendicular altitudes above the 


ſurface, are inverſely as the diameters of the tubes. 

2. If a drop of water be included in a ſmall conical glaſs tube, 
or between two glaſs plates, making a very ſmall angle, it is ſen- 
ſibly perceived to move with a velocity, perpetually encreaſing 
as the diſtance between them decreaſes. 

3. If two poliſhed plates of glaſs be joined at one end, and ſe- 
parated at the other about {th of a degree, and the loweſt be ho- 
rizontal; then wetting the inſides with any thin oil, and placing 
a drop of it between them, ſo as to touch both ſurfaces, it will 
move towards their concourſe, and continue to move till, elevat- 


ing the plates, the weight of the drop counterbalance the attrac- 


tion. The figure of the drop, as it adheres equally to both plates, 
is nearly cylindrical, and its content equal to either ſurface of 


contact, multiplied into the diſtance between them, and conſe- 


quently the diſtance and ſurface are inverſely as each other. But 
from experiments it appears, that the elevations neceſſary to ſtop 


the motion of the drop, at he diſtances of 3 and 6 inches from 
| | the 


BY THE ATTRACTION or COHESION. 


the concourſe, are as 4 1; and fince the ſurfaces of contact are 
as 22 1, the attractions of equal 'ſarfaces at the diſtanees of 3 and 
6 inches, muſt be as 2 1, cee as the diſtances of the 


plates. 
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4. If · two poliſhed glaſs plates, meeting at 43. oy ſeparated FI FIG. X11. 


towards C, at a diſtance equal to !th or ith of an inch, be immerſed. 
in water, it will aſcend ſpontaneouſly toaltitudes GD, HI, &c. in- 
verſely as the diſtance between them, or inverſely as their diſtances 
from the concourſe. The ſurface of the fluid! is therefore : an 99 7 


perbola. 
43. Cor. The:quanti 2 ity of enter raiſed in a 9 3 
equal to the area of a ſection of the tube, perpendicular to the 


axis, multiplied into the altitude; if Q, H, D, repreſent the quan- 
tity, altitude and diameter, and be — 3 Lill be as Dz H, 


or, from this propoſition, as D, or AS 75 — This concluſion enge 


be obtained, latiefaRtorily, from GT i 1 e 
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44. This 800 ſeerns to be true, within certain unknown, 
and perhaps immeaſurable, limits; for that it is generally true in 
glaſs tubes, is not fully aſcertained. In thoſe experiments, which 
1 have ſeen, water does riſe higher and apparently with greater ve- 
locity, as the diameter of the tube is diminiſhed , but it is impoſſi- 
ble to make tubes, ſucceſſively decreaſing in diameter, and equally 

ſo perhaps, to aſcertain the diameters of, rr ſlender tubes with 


ſufficient eee ITS oro \ 


45. PROP. The altitudes 1 water, Apen in | comps tube, 
vary n, as the rameters of the e en ehe. 


EXP. 1. 11 open cylindrical ben whoſe Ane r FIC. XIII. 


to thoſe of the different parts AB and C of the compound tube 
ABC, 
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ABC, water riſes ſpontaneouſly to altitudes equal to gr and g 15 
which are inverſely as their diameters nearly. Whether the ori- 
fice A or C be immerſed in the fluid, it riſes. to the altitude, gr; 
but if the tube be filled, ſo that the water may be in contact with 
the narrow part of the tube, C, the whole column will be pan 
ed. if its altitude does not exceed gs. 

2. Let af and bg, be the altitudes of water, raiſed Spin 


ul in the open cylindrical tubes ED and DF reſpeCtively, - 


which are inverſely as their diameters. When the wider orifice 
is immerſed, and the tube is filled with water to an altitude leſs 
than the length of the wider part, it will ſubſide to a level, with 
the point g: but if the water be admitted into the narrower tube, 
the whole column will be ſuſpended if its length do not exceed af. 

3. If the tube be inverted, and the narrower orifice immerſed, 
and water raiſed into the tube DF, it immediately ſinks, if the 
altitude of the column exceed bg, 

4. Let adc be a capillary ſyphon, in whoſe narrower and 
1 legs, if of ſufficient length, columns of water, whoſe alti- 
tudes are ef and gh reſpectively, and which are inverſely as their 
diameters, may be ſuſpended. Fill this ſyphon with water, and 
hold it in the poſition of fig. 15, and the fluid will not run out 
of the orifice c, unleſs the difference of the legs, de, exceed e. 

5. If the narrower leg be longer than the wider, the water will 
flow out of the orifice c (fig. 16. i if the difference of the legs, dc, 


exceed g h. 


SCHOLIUM I. 


46. Becauſe the velocity of a fluid in a compound tube, always 
kept full, is inverſely as the area of the ſection, the moments in 
every ſection are the ſame, and hence it is concluded, that this 
propoſition is generally true, a concluſion not to be admitted 
without experimental proof. It may obtain when the diameter of 


the wider tube is not ny _ but not otherwiſe. 
15 | = 


SCHOLIUM 
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s C HOLIUu II. 


47. It ſeems to follow from theſe experiments, and indeed hath 


been aſſerted (Cotes' s Hydroſtatics, pag. 227.) that the ſuſpenſion 


of fluids is owing to the attraction of the annular ſurface, conti- 


guous to their upper ſurface, which however is not allowed by 
Dr. Hamilton (Lect. ad. pag. 47.) for theſe reaſons. 1. When 
the orifice of a ſmall glaſs tube, open at both ends, is dipped in 
water, the ſmall annular ſurface of glaſs, on the inſide of the tube 
contiguous to the orifice, will draw up the water lying immedi- 


_ © ately under it, and every plate of water elevated will raiſe up that 


lying above it, until the weight of the column raiſed counterbalance 
the force by which this annulus endeavours to draw up more wa- 
ter. The thin plate of water lying over the loweſt annulus, and 


every other plate of the elevated water, muſt be attracted upwards 


and downwards with equal forces, becauſe the attracting ſurfaces 
above and below it are equal; and therefore the whole column of 
water, lying above the loweſt annulus, being drawn equally in 
oppoſite directions, may be conſidered as unaffected by the attrac- 
tion of the glaſs, and muſt preſs with its whole weight, on 
the water retained at the orifice of the tube by the attraction of 
that loweſt annulus, which has no other ſurface below it to coun- 
teract its force, 2. When the water has aſcended into a ſmall 
glaſs tube, open at both ends, take it up and wiping off the drop 
hanging at the end of it, invert the tube: the ſmall column of in- 


cluded water, being drawn equally by the glaſs in oppoſite direc- 


tions, will deſcend by its own gravity, and ſtop only when it ar- 
rives at the loweſt orifice, Or, whilſt the included column is de- 
fcending, let the loweſt orifice be dipped in water, and taken up, 
and a ſmall plate of water will be retained at its orifice, and then 
the included column will be quieſcent. Now this column muſt, 
by means of the intermediate air, preſs with its whole weight 
upon the plate of water at its orifice, which can be retained by no 
other force, than the attraction of the glaſs annulus, lying juſt 

within: 
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within the orifice of the tube. From hence it appears, that this 
attraction alone 1s ſufficient to ſuſtain, and conſequently to raiſe, 
all the water that riſes in glaſs tubes. Theſe arguments appear 

to me to be very unſatisfactory, and do. not eftabliſh the con- 

PLATE clufion intended. r. Let a cylindrical glaſs tube be divided into 

id xv, very ſmall equal annuli, 4, 6, e, d. e, &c. and à being dipped in wa- 
ter, a thin plate of the fluid will be detached from the maſs, which 
being in contact now with the ſecond annular ſurface &, that 
poſſeſſes the ſame power of attraction with a, muſt, partly at leaſt, 
be raiſed by it, and ſo of the remaining annuli. And if the effects 
of the intermediate annuli ſhould be equal and oppoſite, which 
cannot be allowed, yet the ſuperior annulus at g would be unaffect- 
ed, and its whole force remain entire, and it muſt contibute, at leaſt, 
towards the ſupport of the column of water. Bat that each an- 
nulus ſhould exert a force in elevating the lamina of fluid conti- 
guous to it, and not contribute towards the ſupport of the fluid 
thus elevated, is unaccountable, the power of attraction being in- 
PLATE herent in the glaſs, and inſeparable from it. 2. Let the orifice F, 

FIG. of the compound tube E DF, be dipped in water, and it will riſe 

XIV. to an altitude equal to g4; and if DF be filled fo that the fluid 
be not in contact with the narrower part, it will ſubſide till its 
height be equal to gb. But let the tube be filled ſo that the fluid 
be admitted into the narrower part at D, the height of the column 
ſuſpended will be equal to af, though the loweſt annulus conti- 
nues the ſame. When this tube is inverted, and the orifice E 
dipped in the fluid, it riſes to an altitude equal to af, if the nar- 
rower part of the tube be ſo long; and if ED be leſs than bg, it 
riſes into the wider tube till its height be equal to 5g, the ſame 
altitude, as if the tube were cylindrical, and its diameter equal to 
that of the wider. If theſe experiments be true, it is clear that 
the water riſing ſpontaneouſly in glaſs tubes, is neither raiſed, nor 

| : | ſupported, by the attraction of the loweſt annulus. 3. This in- 
| fluence of glaſs, and other ſubſtances, upon fluids, is ſcarcely per- 
|  ceptible beyond the immediate points of contact, and therefore 


extends to the central parts of a tube, only by the connexion . 
the 
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the particles of the fluid. Let water be kept ſuſpended in the cy- b PLATE 


lindrical glaſs tube ABCD, and let the attraction of the glaſs ex- FIG. ___—_ 
'tend to the lines EG, FH; and circles of the fluid; whoſe breadths 
are n u, 1s, &. will adhere to the ſurface, and certainly be ſup- 
ported by the immediate attraction of the glaſs, which is ſo great, 
= water ſuſpended 1 in a capillary tube will not evaporate, though 
4 to the air for fix or ſeven months: but the intermediate 
2 EGHF is only ſupported by the adheſion of the particles 
of the fluid to theſe circles, and to the higheſt lamina G AH, the at- 
traction of any intermediate lamina LMbeing the ſame both upwards 
and downwards; and when the weight of this intermediate column 
exceeds their accumulated force, i it muſt deſcend. 'This ſeems to be 
certain, that the ſhellof Particles CEFD is ſuſtained by the im- 
mediate action of 'the' glaſs, which is diffuſed to the intermediate 
lamitia np, gt, &c. by the tokefion of the particles themſelves ; ; 
and in' this manner the forces of the oppoſi ite points n, 2 and ,. 
conſpire, which does not obtain in the forces of the particles upon 
the outſide of the tube; and this ſeems to be the reaſon why a co- 
lumn of the fluid is not elevated upoſi the outfide, as it is within, 
Not having leiſure to make experiments, I do not ſpeak with con- 
fidence, and do not affirm that the height of water 8 in 
compound tubes. is, in e al 605 a as the diamete | 


not very, different. 
4 Ae TH | [307 11211 0 zaloin + 
f 5 Dr. Mine 4 c in 4 ue is PHY wi Intitiate | 
their component parts, that the appearance of the fluid Fs) noe t (changed, 
but, if tranſparent, its tranſparency remains. | 
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Exp. Sugar, ſalt, and other ſubſtances: ſoluble in water, juſt 


dipped in the fluid, imbibe it and make it move in a direction op- 
poſite to that of gravity, and they become united and form one 


maſs. And in a fimilar manner, if ſugar, falt, Kc be placed at 


the bottom of a veſſel of water, particles are ſenſibly detached 


from them, attracted upwards, and- incorporate with the water, 
and, if its quantity be ſuſkicient, a ſolution i is formed and the 
fluid is ee wages ) oggtt Tot THANE nec 
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$0, Many ſimilar experiments might be deſcribed of, the ſolu- 
tions of metals, but the phenomena of all ſolutions ſeem to have ſuch 
marks of reſemblance, that the truth of the propoſition will not 
be queſtioned. When the component parts of a body are leſs 
ſtrongly attracted by each other than by the fluid ſurrounding i it, 
they muſt be disjoined and attach themſelves to the particles of 
the fluid, in which they remain ſuſpended. The ſame power that 
is capable of diſuniting the particles of bodies, which, in ſome caſes 
adhere together with great force, muſt alſo be capable of produc- 
ing a leſs effect, or of overcoming their gravity and making them 
aſcend in fluids much lighter than themſelves. When the com- 
ponent parts of a ſubſtance attract each other more ſtrongly than 
they are attracted by another body, they are not affected by it. 
The particles of mercury do not riſe at the ſides of glaſs plates, or 
into glaſs tubes, immerſed in it; and PATE, 0 metals. are N 
diſſolved by particular menſtrua. . 


41. Por. jr me water aueh of _ and _— * 


5 Exp. 
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By THE ATTRACTION, or COHESION. 
Exp. 1. Let an oil flaſk, filled with water deprived. of air as 
much as poſſible, be inverted and its neck immerſed in water, and 


a bubble of air will aſcend to the higher part of the flaſk, which, 
after ſtanding ſome days, will be nn abſorbed "0 the . 


and the flaſk will be Sag 


3&6 6% EE SS 


QB. D. 


52 2. Prop. e. of ware is a * + water in air. 


; 


Exe. I. If a Jakks, of et or 2 llt It be immerſed in a fluid that 
diſſolves them, the 10 lb l a fluid is quickly impregnated with 
particles detached from it, and appears to be muddy and loaded, 


and, if the fluid be quieſcent, the ſolution is carried on very ſlowly, 


but, if ſtirred about, it is ſoon effected, BY a pr oceduie ſimilar 
to this, dry air, contiguous to Water, quickly raiſes à uantity of 


the fluid and covers its ſurface with vapour; , When the air is 
_ ſtagnant, evaporation is carried on yery flowly, but it is promoted 


by a current of air, which removes the vapour and brings freſh 
particles of air into contact with the water. 

2. If a lump of ſalt be thrown into a glaſs of clear cold water, 
which, after ſtanding a little time, is gently agitated, the fluid 
contiguous to the ſalt, being ſoon ſaturated, will afcend in curled 


wieaths, and objects, ſeen through it, wilt appear to have a tre- 


mulous motion, which will continue till the tranſparency be re- 
ſtored by an uniform diffuſion of the ſalt. Smoke, ſteam, or va- 
pour ariſing from moiſt gtound in hot weather, ſeem to be phe- 
nomena fimilar to this, as they aſcend in long ſtria, render the air 
opake, and by their encreaſed refractive power, occaſion the ſame 
undulating motion to quieſcent objects, which is obſervable in 


ſolution, or in the mixing of two fluids, previous to their being 


entirely incorporated. F | 
a f 2 3. Salt 


ASCENT or FLUID. 
| 3. Salt is diſſolved ſooner; and i in greater uaintities, in hot, 
than cold, water; and, if hot water be ſaturated with ſalt, part of 
it will fall to the bottom, or ſhoot into chryſtals, as the water be- 
eomes cold, ' In the ſame manner, evaporation from a given ſur- 
face of water is quicker and more copious in warm, than cold, 
weather; aqueous vapours, fuſpended i in the air during a hot day, 


are precipitated at night, when the air is colder, into drops of dew, 1 


or, if the night be very cold, are chryſtallized, in a hoar froſt; + 
bottle filled with cold liquor, and expoſed to the air of a very 
hot day, will ſoon collect a dew upon its outſide, the air being 
cooled by it, and the water, incorporated with the air, precipitated by 
the cold; a dew is formed on the inſide of the windows of a warm 
room or cloſe. chaiſe, their outſide being expoſed to a cold. air; 
moiſture, breathed from the lungs of animals, beeomes viſible i in 
very cold air, which cannot keep that moiſture in a ſtate, of ſolu- 
tion ; and hence the air is more pure and clearer in cold, than | 
In hot, weather. 
4. The quantity of a body diſſolved, 84 of a fluid evaporated, 
in a given time, depends, cæteris paribus, upon the quantity of 
ſurface; for a body reduced to powder i 19 ſooner. diffolved, than 
in a concrete form, and ſmoke or ſteam (which f is water reduced 
to very ſmall particles by heat) is ſooner incorporated with air, 
than water in its uſual form; and the moiſture: adhering. to a cold 
poliſhed plate of glass, or metal, when breathed. upon, is.inſtantly 
dried up by the air. 

5. Cold is produced i in the medio at . ſolution of ſea ſalt, 
l. ammoniac, or nitre in water, or of eſſential oils in ſpirit of 
wine, and the cold is greater as the ſolution is quicker. Cold. is 
alſo produced in the immediate act of evapol ation: ſailors. cool 
their liquors, in hot countries, . by wrapping the. veſſels. i in. wet 
cloths and expoſing them to the wind, and continuing to wet them 
when become dry; the thermometer will fink if the ball be lightly 
rudbed with. ſpirit of wine or with æther, &c. and it will fink faſter 


as the evaporation is quicker the hand appears to be colder de 
| g ru 


»- 
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I THB ATTRACTION or COHESION.  __ 
rubbed with Hungary, than with common, water; and ſtill colder 


when rubbed with ether; but Hungary water evaporates faſter 


than common water, and æther till faſter than this, 
6. ReAified ſpirits of wine, purged of air, will 
bubble of air ſooner than water will, and there is: therefore a 
greater attraction between this ſpirit. and air, than between water 
and air; and ſpirit of wine evaporates alſo much faſtel than 
water. 2 
7. If a body be diſſolved in any fluid, and another body be pre- 


ſented to it, with which it has a greater affinity, the laſt will be 


diſſolved, and the firſt, returning from a ſtate of ſolution, will 


fall to the bottom; and this alſo obtains- with fluids incorporated 
with air. If copper filings be thrown into a ſolution of filver in 
aqua fortis, the aqua. fortis will diſſolve the.copper and quit the 
filver, which will be precipitated in the form of a white powder; 
if iron filings be then thrown into the ſolution of copper, they 


wil! diſſolved, and-the copper will fall to the, bottom; and. if 
ſalt of tattaf, or any other alkaline, ſalt, be thrawn in, the 
aqua fortis will unite with it, and diſmiſs the iron. Aqua fortis 
therefore has a greater affinity, or a ſtronger attraction, to the al- 


' kaline ſalts than to the metals, and it attracts iron, copper, flver-: 


with different forces; which muſt be very great, as they diſunite 
the particles of ſuch. hard metals. And in a manner ſimilar to 
this, if to well rectified ſpirit of wine; an equal quantity of clear 
rain water be added, theſe fluids will incorporate; and diſmiſs a 


great part of the air contained in them, which will riſe to the 5 


upper ſurface or adhere to the ſides. of the veſſel .... 


By the preceding experiments, ſuch marks of ſimilitude appear 
between evaporation and ſolution, that they may be concluded to 
be phenomena of the ſame kind, and therefore pwing to the ſame. 
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FIG.XIX. le Let ye Lulfuee, SR, - 5 a | ni uid be ed if 
poſlible, to the horizontal line SN, P any particle of the fluid, 
PI, perpendicular to 8 N, its gravity. Reſolve PL into two 
forces, LM perpendicular, and PM parallel, to SR, or to the tan- 
gent at ; andi it is clear (2) that PM will communicate mo- 
tion to P, and ũt cannot be quieſcent till N n or thy . 

25 be horizontal. * D. E e 5 | 
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The preflure upon any particle D, which 3 is „ oval to the 
column DE, is diffuſed laterally (11), and, ſince the fluid is qui- 
eſcent, in equilibrio with the greater column RG incumbent upon 

G, or 


Cotes, pag. 22. Muſſchen. Ch. XXI. 
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G, or the leſs column SH incumbent un H, n 18 . 
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54. Pore If the "Re of gravity paſs through any point C, | CP FIG. XX, 


muſt always be perpendicular to the ſurface, and conſequently 
any portions of the ſurface of a fluid are perpendicular to lines 
paſſing through the center of the earth, becauſe the direction of 
gravity, paſſes through that enn, and ſurfaces are only; Wen 
tal when {mall. EEE „ „ 2 Fe 


->$ 3 46 8 


55: Cor. 2. If the ſurface of A Bud be - ale} cope By 
every point of a heavy ſurface, or another incumbent fluid, it will 


be horizontal, and the horizontality of the ſurface of fluids is not 


therefore affected by the preſſure of the atmoſphere. If the fur- 


face of a quieſcent fluid be not horizontal, the preſſure of the 


atmoſphere upon it cannot be every where the ſame: and if two 


fluids contained in the ſame veſſel be quieſcent, ny ſurfaces of 


böth of them are horizontal. OPT ee IE TS! 1 5 


| 1 hs | 3. In nquieſent fluid, the preſſure upon any particle 


is the ſame in all directions; for were it unequal, motion would 


enſue. If an imaginary plane GH paſs through the fluid, pa- 


rallel to the ſurface, the preſſure upon every part of it is the ſame; 
and if it be the ſame, the fluid muſt be quieſcent. The preſſure 
upon any particle, ariſing from the column of particles perpendi- 
| cularly incumbent, being equal to its weight, and diffuſed late- 


rally in every direction (11), the preſſure upon every ſide of a 
= rin, is alſo 5 to its N h 
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7 s 1 4 f . 5 9 % - 
fl 77 : . * 5 1 7 *. 
4 « 4 1 


4 * 


on Paor. To find the 3 preſſe nd neogs 2 
way. the ene on the. "4 — . / — Au 


.-" "nz if 
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rio . If the bottom of the veſſel be parallel, and its ſides perpen- 
dicular, to the horizon, the preſſure upon any part of it, C, is 
clearly equal to the weight of the column perpendicularly incum- 
bent upon C, whoſe content is equal to the area of Cx CA; and, 
for the ſame reaſon, the. preſſure upon every part, or upon the 
whole bottom BN. is 5 the weight of: a ue of the fluid Fre 

+ to BM x CA. 

NC. xxil. 2. If the ſides of the veſſel be enclined tb the horizon, and the 
area of the bottom greater or leſs than the area of the ſurface; 
draw from any point P, PI perpendicular to the horizon, IH pa- 
rallel to it, and HS perpendicular to it, and proceed till the laſt 
perpendicular H meet the ſurface. The preſſure upon. H, and 
conſequently upon 1(1 1), is clearly equal to the weight of the column 
SH, and the preſſure upon P is equal to this preſſure upon 1, to- 
gether with the weight of the column IP, or to the weight « of a 
column whoſe. altitude, is Sp. And as this is true of every point in 
the bottom BM, the whole preſſure upon, it is equal to the weight 
of a column of fluid whoſe magnitude is BM x Sp. | 

FIG. xXIII. 3. If the bottom be an irregular ſurface, the — upon; any 
indefinitely ſmall portions K, L, M, &c. are the weights of co- 
lumns, whoſe baſes are theſe portions, and heights their perpen- 
dicular depths, or whoſe contents are Kx Kk + L x Ll, &c.; conſe- 
quently the whole preſſure upon the bottom is equal to the ſum of 
the weights of all the ſmall columns, whoſe magnitudes are K x 
Kk+LxLI+MxMm+N=%*Nn, &c. or of one column, 
whoſe. magnitude is the whole ſurface multiplied into Gg, the 
perpendicular depth of its center 2 gravity (Mechan. 6. ö 


* I. 


58. Cr, 1. If the bottom wi hin, and the veſſel cylin- 
drical, or its ſides be perpendicular to the horizon, .the preſſure 
upon the bottom is equal to the weight of the fluid contained in 
it; but in other caſes this preſſure may be greater, or leſs, than 


the weight, in any aſſignable ratio. The preſſure therefore * 
: the 


h 


PRESSURE OF FLUIDS. 


the ſides or bottom of a veſſel does not at all depend upon the 
quantity of fluid contained in it. 


: 59. Cor. 2. If the area of the ſurface preſſed be given, the preſ- 
ſure is as its perpendicular depth, if it be plane and horizontal, 


and if irregular or inclined to the horizon, as the nen 


depth of its center of gravity. 


60. Cor. 3. If the fluid contained in a crooked tube, veſſel or 
chan however irregular, be quieſcent, every point of its ſur- 
face SR and sr is upon the ſame level: for, ſuppoſing AB to be 
any ſection of the veſſel, the preſſures on each fide of it are as the 
area multiplied into the perpendicular diſtances of its center of 


1 gravity, G, from SR and sr, which products are equal to each other, 


becauſe the fluid is quieſcent, and conſequently the diſtances of G 


from SR and gr are e equal. 


61. Cor. 4. If Ant fluids F and / be contained in the ſame 0 


tube, the perpendicular diſtances of the center of gravity of the 
ſection, AB, where they meet, from their ſurfaces, are inverſely as 
their ſpecific gravities. Let the plane AB ſeparate the fluids, which 
will be horizontal (55); and the preſſures upon it will be equal 
upon each ſide, becauſe the whole is.quieſcent; but theſe preſſures 


are the weights of columns of different fluids, whoſe baſes are 


AB, and altitudes the perpendicular depths of the center of gra- 


vity, G, below the ſurfaces SR and gr, for that part of the fluid 


contained in AFD is in equilibrio; therefore the ſurface AB x 
S.g. of Fx SA AB xx S. g. of fxsC, and S. g. of Fx SA = S. g. 


of Fx 5C, and S. g. of P: S. g. of F:: C: SA. 


| ® The reading of this corollary may be poſtponed till the next chapter be read. 
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$SCHOLIUM. | 
62. That the preſſure of a fluid, upon any given Ge ſhould. 


.t- 


de proportional to the area of the ſurface multiplied into its per- 


pendicular depth, and therefore exceed its weight in any given pro- 
portion; and that the fluid, contained in the legs of an irregular tube, 
ſhould be upon the ſame level, are ſometimes thought paradoxical, 
and therefore proved by the following and ſimilar experiments. 
The machine, called the hydroſtatical bellows, conſiſts of two oval: 
boards, 16 inches broad, and 18 inches long, covered with leather. 
to open and ſhut like common bellows, but without valves; an 


hollow cylindrical pipe, whoſe length is three feet, is ſcrewed into» | 
one of the boards, and, pouring water into the bellows through: | 


this tube, the boards will be ſeparated ;. and if weights of 200 or: 
300 pounds be placed upon the higher board, it, together with. 


the weights, will be raiſed, and the boards ſeparated as far as ther: 
leather permits, by filling the tube with water. The weight of, 


water in the tube, about !th of a pound, is in equilibrio with 300: 
pound placed on the top of the bellows. 


63. Prov. The preſre of faid upon the ſurface of « a ee. 


f a taini ng it, is equal to the weight. of a body, equally heavy with the fluid, 
which. is formed. by r aiſing perpendiculars,, upon every. indefinitely ſmall: 


fart of the furface, e 70 the ee, 10 8 of 2 that, ors 3 


3) FE 


Let the ſurface _ be compoſed of lines | indefinitely near to 


each other, and AC be one of them, and drawing N 
Ll, Mm, Nu, Pp, &c. to every point L, M. N, P, &c. equal to 
their perpendicular depths, and ſuppoſing them to, be columns. 


equally heavy with the fluid, the preſſure upon AC wilt be equal.- | 
to the weight of all the columns, or of the area 40 D. Let the 


ſame be done for every other line, and'the whole preſſure is equal. 


to the weight of all the areas, or of a. _ formed by drawing per- 
pendiculars- 


«3 


— I 
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PRESSURE or FLUIDS. 
pendiculars to every point of the ſurface preſſed, equal to their 
e n 7 * I 


61 Cor. If 4 B cD be a fide of a Ciel veſſel or of a pa- - > 2 


rallelopipedon, perpendicular to the ſurface of the fluid, A B, the 

preſſure upon a vertical line AD is equal to the triangular area 
ABD, and that on the whole ſurface is equal to the weight of a 
triangular priſm of the fluid, ABDEGF. If the ſides of a 
veſſel, filled with a fluid, be ſix equal ſquares, the preſſure upon 
each is a triangular priſm of the fluid; whoſe baſe is one of the 


ſquares and altitude one of its ſides; and conſequently the whole 


preſſure upon the ſides is the ſum of theſe, or of a triangular prifm 
of the fluid of the ſame height, whoſe baſe is a rectangle, contained 
by two ſides, one of which is equal to the periphery of the veſſel, 
and the other a ſide of o one = the ſquares. | | 


i6 5. Ds F. The center of profes of any furface is a point, to which 
a a force, equal to the whole preſſure, being Ne ed and acting the 
fe is in A N with 1. 5 


51 


66. N The center of preſſure, P af any plane ſurface BA, is the FIG. 
fame with the center of percuſſion of the plane, moving round an axis, X VIII. 


C01 nc! dent with the CO" of the _ and hs Es of 90 fluid. 


Let 4a, & Bb, &c. be drawn in the ſame plane, radial 
lar to the ſurface of the fluid, and meeting the plane in 4, C, B, 
&c. and let BA, produced, meet the ſurface in S. The preſſures 
upon A, C, B, &c. are as Aa, Cc, Bb, &c. or as the diſtances of 
A,C, B. &c. from $ (fim. triang.), and conſequently P is the cen- 
ter of percuſſion of the plane revolving round S as a center of 
ſuſpenſion (In 488). Q. E. D. | 
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SCHOLIUM. 1 
67. The preſſures upon all ſurfaces, whoſe areas and centers of 
gravity are diſcoverable, may from hence be eaſily aſcertained; but 
as theſe cannot be found without a long proceſs, a few ſimple caſes 


* are here adduced. 
The preſſure upon the bottom of a cubical veſſel, when ho- 


L 1 is the whole weight, or the weight of a magnitude of the 


fluid, which is found by multiplying the area of the bottom into 
the perpendicular altitude. The preſſure when any one ſide is 
equal to half of that upon the bottom, being equal to the weight 


of a bulk of the fluid, which is found by multiplying the area of 


the ſide into the perpendicular depth of its center of gravity, or 
into half the perpendicular height; and conſequently the whole 
preſſure upon the bottom and ſides of a cubical veſſel is equal to 
three times the weight of the fluid contained in it. 2. If two 
ſpheres, or two circular ſurfaces, be juſt immerſed in any fluid, the 
preſſures upon them are as the ſurfaces multiplied into the depths 


of the centers of gravity, or as the cubes of the radii. 3, The 


preſſures upon the ſame triangular ſurface, when its baſe ooin- 
cides with and is parallel to the ſurface of a fluid in which it is 
juſt immerſed, are as the area of the triangle multiplied into; and; 
of the perpendicular depth of the center of gravity reſpectively, or | 
as 1: 2. 4. The preſſures upon a ſquare ſurface, when one fide, 
and an angle, coincide with the ſurface of a fluid in which it is 
juſt immerſed, are reſpectively as the area of the ſurface multi- 
plied by half of a ſide, and half of the diagonal, or as 1: : V2. 
5. The preſſure upon the bottom of a conical veſſel, whoſe axis is 
vertical, juſt immerſed in, or filled with a fluid; is equal to the 
weight of a cylinder of the fluid of the ſame baſe and altitude with 
the cone; and conſequently the reaction of the fides of the cone is 

equal to the weight of; of this cylinder, or to twice the weiglit of 
the fluid contained in the conical veſſel. 


68. PROP. 
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68. Prop. To find a point P of a rectangular ſurface 8 B T R, FIG. 


juſt immerſed in any fluid, through wwhich if a line be drawn parallel to 


the ſurface of the fluid or fide 8 R, the preſſure upon SE and DT may 
be to ate other as m: n. | 


Let LM( drawn enter to the ſurface SR) an LP x; 
SR=6b;s and r "0 the centers of gravity of the ſurfaces SE and 


DT; and Ls= ==; Pr=— 6x 


* =. and Len. 


= — =, But the 8 7 81 upon SE and D T are to each other 


a+ x 
22 or as 


E SE x Ls: Dr Li, or as berg bXa—x X 


x2 x a — x*, or, from the ſuppoſition, as m: n, and * n = 


mat, and x A NV 5 


69. cor. If the le upon SE and Dr be equal, or mn, X= 


a X . | 


1 S C HOLI UM. 
70. By the preſſure upon any plane, or curvilineal ſurface, is 
always underſtood the aggregate of all the preſſures upon every 


point of thoſe ſurfaces, eſtimated in directions perpendicular to 
them at each point, no part being loſt by obliquity of direction. 
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ee SPECIFIC GRAVITIES*, 


73 ber r. A7 E ſpecific ay of a Ae 15 its Ke . | 


with that of another bogy of the m_ Ts: 5 


i 


s C H O L IUM 1. 
72. The magnitude of a body i is expreſſed” by a number, de- 


noting its relation to ſome criterion generally uſed and ſimilar to 


itſelf, as a cubical inch, foot, &c.; and, if the criteria be different, 
as in different kingdoms, the magnitudes of bodies are to each 


other as the criteria multiplied into the numbers expreſling theſe 


magnitudes. Abſolute and relative weight uſually ſignify weight 
in vacuo and in a reſiſting medium, air, water, &c.; but the abſo- 
lute weight of a body 1s relative, being expreſſed by a number, 
denoting its relation to ſome arbitrary and conventional ſtandard, 
as 1 lb., 1 ounce, of which it is a multiple or aliquot part; and in 
the ſame ſort of matter, ſuppoſed to be homogeneous, it depends 
upon and varies as the magnitude. The ſpecific weight or gra- 
vity of the ſame ſpecies of matter, whether its magnitude he great 
or ſmall, as of A, 2.4, 3 4, &c. is the ſame, being, according to 
the definition, the weight of a given bulk; and the object there- 
fore of ſpecific gravities is to diſtinguiſh different ſpecies of mat- 


ter from each other, in one of their moſt obvious qualities, weight 


of matter contained in a given ſpace. The weight of any portion 


of matter is eaſily aſcertained; but it is not always eaſy to meaſure 
the ſpace occupied by a body, or its magnitude, and, in ſome in- 


ſtances, this cannot well be effected without artificial methods. It 
3 | 18 


Nicholſon, Vol. II. Ch. V. Martin, Vol. I. pag. 272. Cotes, p. 37. Roh. P. I. Ch. 
XVI. a. 3. 4. not. ad. a. 8. Helſham, Lect. XIII. Muſſchen. Chap. XXIV. p. 474. 


SPECIFIC GRAVITIES. 


is expedient to employ, as + criterion, ſome pure and homegeirel 
ous ſubſtance, viz. diſtilled water, whoſe ſpecific gravity, or weight 
of a given bulk, is nearly at all times the fame; and by comparing 
this with other ſubſtances, the ratio of their ſpecific gravities may be 
diſcovered; and denoting the ſpecific gravity of water by any num- 
ber taken at pleaſure, the numbers expreſſing the ſpecific gravities 
of other bodies are hence given. Since the weight of one cublcal 
foot of pure rain · water is equal to 1000 ounces avoirdupois, if its 
ſpecific gravity be denofed by 1, or 1000, the weight of one cubi- 
cal foot, or other meaſure, of other ſubſtances, are hence found, 
and tables of the ſpecific gravities of bodies conſtructed. One 
ounce avoirdupoiſe == 437.5 grams, and one ounce troy = 480 
grains, and conſequently 1 averrdupoſe oz.: troy oz. :: 437. 85 480; 
and 1 avoirdupoiſe Ib.: 1 troy Ib. :: 437.5 x 16: 480 x 12: : 1750 
: 1440. A cubic foot of water = 1000 ounces avoirdupoiſe = 
62. 5 Ib. avoirdupoiſe; but 62.5 Ib. avoir, : x (or SG of troy Ibs. 


8 
contained in a cubic foot of water) :: 1750 _ 
the number of grains contained in each) :: 1440: 1750, and * = 


62.5 4 — 8 75 95 1b. troy. One cubic inch of water 


1000 X 437-5 
„ 


(or inverſely as 


. = 253: 18 grains: 2 437 253-1, or an «57869 parts 


of one avoirdupoile ounce = = = 52, or yt parts of.. one e troy. 


Ounce. 


” 


SCHOLIUM II. 


77. The ſpecific gravities of water and any other fluid may be 
com pared together by the following proceſs: weigh very accurately 
an ounce, or other weight, of diſtilled water; itt a cylindrical glaſs 
phial, and mark preciſely the ſpace occupied by it; then pour in 
any other fluid till it fill exactly the ſame ſpace with the water, 
and, „ weighing it, we ſhall know the weights of equal magnitudes 

of 


SPECIFIC GRAVITIES. 
of the water and the other fluid, or their ſpecific gravities. 2. The 
magnitude of a body, however irregular, may be found by im- 
merſing it in a cylindrical veſſel of water, and marking how far 
the fluid riſes; for the ſpace contained between the ſurfaces of the 


water, before, and after, the immerſion of the body, is equal to 


its magnitude, and this, together with its weight, being known, 
its ſpecific gravity is alſo known. In this manner may the ſpecific 


gravities of all ſubſtances be aſcertained, though not with the 


ſame preciſion as by other ſubſequent methods. 3. The capacity 
of any irregular veffel may be known by filling it with water; for 
the water being weighed, its magnitude, or the number of cubical 
inches contained in * and conſequently in Fan * will be 


found. 


74. PraP. 2 he ſpecific gravities of different bodies, A and B, vary 


as FRY weights direftly and magnitudes inverſely. 


Let S. g. 3 ſpecific gravity, we. weight, and 4 and B the 
magnitudes of theſe bodies, and, taking equal portions of A and 
B, viz. P and 5 

S. g. of A: S. g. of B:: ut. of P: we. of 2 (69); but | 
aut. of P: wt. of A:: P: A (the body being homogeneous) 
wi. of A x P 
and wt, of P > A oy: the ſame proceſs, 


the * of 2 wt. 252 <Q, and conſequently | 


abt. of Ax P we. of BM A., wt. of 4 


S. g. of A: S. g. of Bi ——— PTY B mT 


. E, P and Q being equal. QUE.D. 


75. Cor. 1. If M and repreſent the magnitude and weight 


of 


— 5 
of a body, n e 8. aer, ; M 5. anct N as 
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6. Cor. 2. Becauſe the dend) (D) of eee 2 it 
will ROY as. the ſpecific gravity. Kas ELD 1 5 109 285 8 


* . 


F. Cbr. 1 Tet the ieealerithig Tores of uv. (4) be'varias 
ble, and the quantity of matter be equal to 2; and is as Q A. 
or as Ax DM, or as M&S. g. and OED HOY 
ee WEE arſe ae 
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758. Cor. 4. Let rain-water be che ſtandard with which th boe e- 
cifie gravities of other bodies are compared, and a cubic Bot of 
this being — uniformly equal: to 1000 avoirdupoiſe ounces, 
the actual weight or magnitude of any other f ſub ance, B, may - 
_ difcovered by finding its fpecific gravity. S. g. of water: S. g 
B:: wy. of a cubic inch of water: wi. of a cubic inch of the 1555 
ſtance B (w) :: 253.18: w (72), and ay = 253.19 x S. g. of B 
grains, ſuppoſing 175 S. g. of water = i; but the wt. of B = ww'x 
RY ng M to be.the nun 1 of udicinehein B) = 25318 
= S. g. of B'x M grains == .57869 S. g. of B x M avoirdup. ounces 
. 240 8. 7 of ® x It tony ouhices: | The 8. 8 8 * 1 


2 I Za grains, ; and the number of cable inches, or My = 


19 SE 4. He: 2 SLY 74 } rr, va 4 
we. of B wok _— 7. BE is — * vl; as: —— 
S . ö * f * 55 5 * 2 . a . PY 4 
253-48, e. of B e951: 52383 [13417 e. 8 J N mod? han 
- 
0. 53-4 == SRP g<06, = wh Sid. Soo. 


79. Cor. 5. If the weight of 2 a body B = W * wand in avoir 
dupoiſe ounces, its weight i in oy ounces will be found by multi- 
| plying 


—— ear ene eect ts 
— — —— 2 4 


5 2746 
plying into 5759 © or 91145; oP if *. be known 1 in troy 
ounces, it will be found in avoirdupoiſe ounces by multiplying V. 


6 
4 or into 1.0971. For the weight of B in avoirdupoiſe 


ounces multiplied into He» = 57869 * 8. F. of B * M * 


57855 bY 91 145) = = -52746 x . g. of 4 151. of Fin troy 
528 69 


ounces: and the: 1 wel ht 0 B i in tro: ounces * 
eight . FT 50 0. 959 746 


86 
= $46 x8 g. of B 7869 — = rde x 8! g. of Bx M= 
the weight of Bin avoirdupoiſe OUNCES. } To exemplify theſe rules, 
ſuppoſe an area of 3000 _ feet were to be covered with lead, 


( 9.91) 


whoſe - wag ghs is uniformly —th part of a foot, and whoſe ſpe- 
cific gravity is 11 32 "A that of v water being unity. Ther magni- 


tude of lead = gens * = = 300 cubic feet; and its weight a 


300 F L. 325 1090 = 3397509 ay voirdupgils qunees = = 4397500 
x. 1.0971 troy Ounces. . - 

2. The ſpecific gr avity, o of A body is equal, to its weight, diyided 
by its. magnitude: let a piece of marble be 4. cubic feet, and its 


10800 
weight 675 lb. or 108000 - avoirdupoiſe ourices, ad FR; G90 


2,700 the ſpecific gravity of the marble, that of water being 
= 1. If the ſpecific gravity of water be 1000, then that of. the 
manble == 2g. 1 1 „„ „ 
3. Let the weight of ſeveral, fragments of mo be 7 ounces, 
and their ſpecific gravity 2.69, then their — 


= .0026 parts of a. cubic foot = ,0026 x 1700 ms "4s, inches 
nearly. | 1 


. 


SPECIFIC OGRAVITTIEs, 
80. Prop. df @ body; B. float upon a fiaid, Fflrhe magnitude of the IO. 


fart immerſed, or P, ls to the magnitude of 'the whole botly, ax rhe e. 
ct oy" Win my the Po en fo nn EE the oO 1 8 


When the pe upwards i is equal to the weight of B, it il | 


ceaſe to deſcend, and he ſurface of the fluid to riſe, and both will 
be quieſcent; but if a. portion of the fluid equal to P were to oc- 
cupy its place, the fluid would be quieſcent, and conſequently the 
weight of this portion of the fluid is equal to that of the body. 
Or, Suppoſe B to be ſupported by an imaginary plane ME, pa- 
rallel to the ſurface of the fluid, and, when the flujd-is quieſcent, 
the preſſure upon every part of this plane is the ſame; but it 
would continue to be the ſame, were a portiot of the fluid, equal 
to P, ſubſtituted in its place, and conſequently the weight of B 
and of a portion of the fluid equal to P, mak, be equal; e 
tn 4 1 and P : 'B:: S.g. of B. ere 


QE.D 


- - — * 


81. e Becauſe 25 of B= 0 * Px "In if, two bodies 


42 


B or 


14 No) 


dreciy as [the parts immerſed i in a the fluid, "ak  inverely as their 
1718 4 ; 1305 i 128 yo; ? 1 42 17, g t 
whole Oe eee * 
N eth 1. ty na r 1239 8145 . 
ww ; EEE IC yore LE foe > 96% arty V1 


82, Cor. 2. eg Big of Bel f i different bodies 


in: YT; 1% * 72 Rog; * J. bl 9929 


float upon different fluids, and the parts immerizad be equal; the 
ſpecific gravities of the fluids will hᷣe directly as the -magnitudes of 
the bodies multiplied into. ther en nn Lol 0 as 
their weights. Foo | 


x 5 . MIS PF & B28 5 bY SES 4 n 5 
2 ee 


59 


XXX. 
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— ep ͤ = 7˖rʃ—¾[— ERTIES i 
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s PRI Ic GRAVITIES. 


8g. Cor. 3. If the ſame body float upbn dſferent fluids, wer 
ſpecifi gravities will nde each other — mn . 


* 2 Wy TS Is. 22 * 2 4 1e. 1.4 A The c * 1 
1 « * A * * 8 \ 
* * 


8 of B ur. of B of B 
us Cor. 4. since pt gel F 8 Tarps i if two bo- 


20 . i EE : : * v 


dies of the Game weiglit, bur of, different ſpreibe. \gravities; float 
UPON; the bee e tlic! ee the yore A are 
haſt J1 99 038 0731929 20 * 1113.03 "q 


4 1 C, 
„„ 2+ TA e1ft* 


* — i . 
+ 


both e their. 1 if be nl And ever Ea 
t 


ſpecifically lig! 
CD ſo. intimately that EO oo upwar ds upon the bottom be 


ne, removed, and then the weight neceſſary to raiſe the body 


FG. 
XXXI. 


FIG. 
XXXII. 


is equa to its weight and that of the incumbent column. 75 


rr, 
805 rakes may be underſtood the conſtruction of the PTA 


ter, à machine contrived to aſcertain expeditiouſly the ſpecific 5 


vities of 2 flaids. 4 B is a hollow cylindrical tube of g 5 


fink. vertically in a 8 The ſtem 4B is, gr aduated. in ſuch a 


manner, 9 35 figures upon it exhibit the magnitudes of the 
donſequently, ſpecific gravities: of the fluids in 


parts below, 
Which 34 de ſcndd to thoſe figures. . H the parts immerſed in wa- 
ter ahd ſpirit df wine be to ba btherias 1017 then (83) F. g. 


of water 557g. of the ſpiriti:t 319. This machine not being 
formed to diſcover ſpecific gravities, widely differing. from each. 
other, one more convenient is conſtructed by joining a ſmall plate, 


G, to the top of the tube, ne loading it with weights as is expe- 


dient. 


a 2&2 Sara LEED. 


1 


— 


9 err et 57 54 "" 1 1 Ht @4 4 ig 
bt of 4 erke, Yi the 5 _ moghirade-is 


SPECTFIOC/G RAVITARS. 


dient. Let this:bydrometer deſcend. in-axRified ſpitit: of wine to 


any point L, and a weight muſt be placed upon G to make it 
fink to the ſame point in any heavier fluid, as water: if the weight 
of the inſtrument, only be 10 dwts.. and the additional weight, 


when immerſed in water, 1. 5 dwts.; then equyl fe of va- 


ter and reclifiell zirits of W ne are 1 175 and io dwts. re vely; 


and conſequently (71) S. g. of water: S. g. of the ſpirits : 25 1 1852 
10. By a ſimilar proceſs may che ſpecific gravities of alt Hide be 


diſcovered R and with toler _ OE 


q 


E,.is equal to the 


wah fo 25 4 the 2 l i > e 20 
5 ol TTW 
11 IEA 9 22 BIT 767441 0 y 


If the: wecike entity ot Biwere. Gl to, 1 of ; the flojch its 
weight would be equal to that of an equal magnitude of F, andi ĩt 


would be quieſcent at every depth and loſe all its weight; and if 
the ſpecific gravity of B were greater or leſs than that of F, it- 
would evidently deſcend, or aſtend, with à force equal to the dif- 
ference between its own weight and that of an equal bulk of the 
fluid; for the preſſure upon the imaginary plane, s would clearly 
be greater or leſs than that upon the reſt of the plane by this dif- 
ference. Otherwiſe: Becauſe the preſſure upwards or upon the 


FIG. 


lower ſurface of a priſmatic body B, which is parallel to the ſur- 


face of the fluid, is the weight of a column of the fluid, whoſe 
height is Ar, and the preſſure downwards equal: ta the: weight: of 
a column, whoſe height is An, and the latexal preſſures arg equal 


and oppoſite; the preſſure upwards is; greater than that down- 


wards by the weight oß column whoſe altitude is An or of one 


equal to the body. But every body, however, irr egular its figure, 
may be conceived to be formed of ſuch. priſms: indefinitely mall, 


and. Leno ares the oſs of 9 e 1800 any body im- 


f 4 111½5. 44 WI D10T8 ate merſed 


FP "XXXuI:. 


Coons V „% Mo A 4 


FIG. 
XXXV. 


and, S. g. of B = $ . of Fx 7. loft 5 * = = (if F be eras 


SPECIFIC GRAVITIES. | 
merſed in a fluid, is equal to the weight of a n of the fluid, 
en is 1 OE to che e, — D* A, 9075 28-0 A * 


# + 
. + +3 
8 { 


= 


1122 


89. Cor. 2. If a body k B be elated i in vacuo, and in a Avid, 3 F, 


ſpecifically lighter than itſelf, the difference of theſe weights or 


weight loſt by B, is to the weight of B as the ſpecific gravity of 

the fluid to ak of the body: for the loſs of weight is equal to 

the weight of a portion of F equal to B, and the magnitudes be- 

ing given, the S. g. of B: S. g. why t. of B: ut. loſt by B; 
wr. of B 


Its 
12 * <a 
ſpecific gravity 3 pn SEL B. A piece of tin is 300 grains 


"yy is * 


in air, and in water 2 592 grains, which being ſubtracted from 300, 
leaves 40; grains for the loſs of weight, and contnuently §. 8. « 
an 40 74 8 h 1 
40% 7 be px 34. 522547 Ait 57 


117 - CB ff 
. 12 5 


90. Cor. 


This W may W more tn by the following — 8 
Divide t body B into lamina @6e2, by drawing the vertical lines ed, me, infinitely near 
and parallel 10 each other; draw 3 perpendicular to ab and equal to bm, and Pr, bo, eh, 
perpendicular to me. Since bar, or h is the preſſure upon every part of ab, perpendi- 
cular to it, and 67 the preſſure perpendicular to the horizon (=P); P: p (= preſſure 
upon 06) ; 7: :abwxrb:mb or bÞ X bo; but the triangles bPr and oba are ſimilar, and 
Pb:rb::ab: bound PBH NB r x ab, and the preflure upon 435 = preſſure upon 05. 
In the ſame manner the preſſures upon de and 4e are equal, and conſequently the difference 
of the preſſures upon ab and ed = the difference of preſſure upon ob and te = the dif- 
ference between the weight of columns of fluid whoſe magnitudes are mo and mi, whoſe 
magnitude i is 4 be d. The ſame may be ptoved of the whole body. 


SPECIPIC GRAVITIES. 63 


e Bx S. g. of che laid | 
o. Cor. 3. Becauſe the 1 g. of B= = AT Toft by A 


* ſpecific gravities of the bodies may be found by weighing 5 
in vacuo and in the ſame fluid; for, from the above K 


they are to each other as their weight i in vacuo directhy, an noſes 
4 


of weight in the fluid inverſely, and, if their abſolute wei 

equal, inverſely as the loſſes of weight, Let two pieces of pr | 
and tin, each of whoſe weight is'400 grains, and the lols of weight 
ſuſtained' ae the lead is 35: grains, and that ſuſtamed by the tin is 
4 ace 1 conſequently. 8. 855 of SpA S. g. of tin: 34: 35% 


i. ir. 85 15 11 ** 3 15 „ 4 To; 45 „15 A 39 2 


91. . . Becauſe the. Werte; S op the fluid i is 5 coat to; 
S. g. of Bunk loſt by B 
the the ſpecific gravities of two fuids 


and F may be found by weighing the ſame body B in them, afid 
finding the weight: loſt in Tach; for, from the above equati dun; 
they are to each: other directiy as the loſſes of weight. A glaſs 
bubble, whoſe weight in air is 1727. grains, being weighedd in wa- 
ter and ſpirit of wine, ſuſtains a loſs of weight, equal reſpectively 


to 64 and 5 58. grains, and conſequently. the ſpecific. gravity, of 
the. ip irit = = 1 _ 86. The Toſs of weight ſuſtained 4. by. glaſs, 


ball 1 in water and milk, 18 reſpedlively 903 and 83 3 I grains and the 


S. . of, the milk = 03. = 1,031 Ok 


| 


OY 
— 


92. cor. wen 32 body (B); onkel 990 1 15 ae Pe 
is ſoluble in water, let it be weighed in ſome other Nuide Ff inne. 
which it is not ſoluble, and comparing the ſpecific gravity of this 
fluid, F, with that of the body and of water VH, the ſpecilic gravi- 
ties of the two al. may be compared together by this proceſs: $5 3% 

= g. , 
S. g. of F: S. g. of F:: p: 7% „„ e 
al 2 5. geo B. . g. of For water :: mxp: nx 7. 
Let 


SPECIFIC GRAVITIES. 
Let the weight of a Piece of Roman vitriol, in air, be 67 grains, and 
in ſpirit of wine 41 grains, and, the os of og being 26 rn 
S. g. of vitriol: S. g. of wine :: 67: 26, BODE SY 1684 
S. g. of wine: S. g. of water ::86: 1, 58 conſequently” 6 Ola 
8. 7 of vittial: :8: Sg. of water :: 67 x.86 : 20: 2222 too: Lad | 


93. ar. *Y If inflead of B, a' fluid: Geridaty 1 than E. 
be poured into the veſſel, it will ſink to the bottom, and tlieir fur- 
faces will be parallel when they are quieſcent. I the open end; of 
a tube filled with mercury be inſerted in water, it will deſcend, 
and the water will aſcend into its place; and if this tube of water 

be inſerted in any lighter fluid, as red wine, it will deſcend, and 


the wine will aſcend 1 its NIL. Sins ae 


11 it? 
* „„ 


. 4 - 7 9 
* 20 \ Teo 5 Tier; 


= 
4x55 . 


FIG. ey won 71 If a 1 B be "liek 5 in a veſſel containing: two 
XXIV. fuids F and f, the ſpecific gravity. of F being greater, and that af 
J leſs, than the ſpecific gravity: of the body; it will deſcend through 
the lighter fluid and float upon the heavier, and the parts im- 
merſed in F and , or P and , will be to each other as the dif- 
ference between the ſpecific gravities of the body and lighter fluid, : 
to the difference between the ſpecific gravities of the heavier fluid 
and that of the body. For if, inſtead of P and p, portions of F 
and /, reſpectively equal to them, were ſubſtituted, both. fluids, G 
would be quieſcent, and conſequently the weights of theſe por- 
tions muſt be equal to the weight of the body, or 


J' PN S. g. of FN S. g. of f=P + S. g. of B. and (1 s 
| Px S. g. of F Px S. g. of HBSN S. g. of B— p x S. g. off, Ta 1 
. P: p: 8. g. of B: S. gi of F—B, and comp. 475 15 5 f 
1 P.: Pp) :: S. g. EE, — — 27 75 e ee E 
if p: P+P (BY: 8.5: of Fel Pee FH . 
. a \ P 
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SCHOLIUM. 

95. The weight of a body, in any fluid, is the difference be- 
tween its abſolute weight, or weight in vacuo, and the weigtit of 
an equal bulk of the fluid; and, conſequently, the weight of a 
body i in air, is leſs than i its real weight; but the difference of weight 
in vacuo and the open air is ineonſiderable, unleſs the body be 
very large. The S. g. of water: S. g. of air :: 850: 1 nearly, or 
as 1000 Oo.: the weight of a cubical foot of air, which is there- 


fore equal to 855 or = 1.156 avoird. oz. and a cubical inch of 


air =_ 1725 — = 00117 avoird. 62.; and the weight of a body in air 


is leſs than its real weight by a number of avoirdupoiſe ounces 
equal to 1.176 * number of cubical feet, or..oo117 x number of 

_ cubical inches, in the body, which is very ſmall in metals and all 
heavy bodies, and in general may be negle&ed. This diminution 
of weight 1s different in different ſtates of the atmoſphere, and 


varies about aach BY. of e e 5 


90. Poe: To 0 find the ſpecific budy of a body, B, 11 ne 
it in a fluid, F * ly lighter. than itſelf. 


'Vnite another body H to B, which will make it ſink in the fluid, 
and the weight loſt by B+ H — weight loſt by H alone, is equal 
to the weight loſt by B, and equal to the weight of a portion of the 

fluid whoſe magnitude is B. But (89) S. g. of B: S. g. of F:: aut, 
of B: ut. of B + H — we. of H. ſuppoſing them to be weighed in 
the fluid. Otherwiſe, let B be detained in the fluid, and kept in 
equilibrio by a weight, ww, placed in the oppoſite ſcale of a com- 
pound balance, and w is the difference between the weights of B, 
and an OO” portion of the fluid, and conſequently the weight of 

I a pore 


SPECIFIC GRAVITIES. 


a portion of F, equal to B, is equal to m -+ wr. of B and 8. f of: 
F, S. g. of B:: ww of B: *. of B. aac | 


97. Cor. 1. If the fluid be water and its 55555 gravity = = 7. 


r. of B 
then S. g. of B = — 7 Homme 3 Let a piece of wood, 


ſpecifically bghter than water, be 220 grains, and let it be annexed 


to a piece of tin whoſe weight is 160 grains, and loſs of weight i in 
water 17 grains, and the compound will loſe in water 334 grains, 


and conſequently the S. g. of the wood is equal to 3 = 
317 

of dry elm in air be 36 grains, and the weight required to detain 
it under water be 24 grains, and conſequently S. g. of the elm: 


S. g. of water :: 36 : 60, and S. g. of the elm = 8 6. 


98. Cor. 2. If B be a powder, or a ſubſtance ſoluble in water, let 
it be covered with wax, whoſe magnitude is H and its loſs of 


weight previouſly found; and the ſpecific gravity of B will. be 


known by the yy" in this propoſition. 9 


99. Baby. Te ſtecifc gravitie of two bodies B and b, and of the 
fubRance compounded of them, C, being given, to find the ratio of the 


magnitudes of B and b, ſuppoſing the * of B and b 70 be * | 


1 Fat 81 855 


x The i of B, , and 0. being reſpectively equal to their 

magnitudes multiplied into their ſpecific gravities (7 5), and the 

bag of B and & being __— to that of C; | 
4 B x 


ee = .694. Or, by the ſecond method, let the weight of a piece 


Js 


SPECIFIC GRAVITIES. 


| BA B. g. of B S. g. of b C S. g. of C= ++ S. g. of C, 
and Bx G. g. of B=C=8x8.g. 8 : 
and B:6:: S. g. of C— 5: S. g. of BC. Q. E. I. 


200. Cor. 1. Since B:3:: S. g. of CF, A of Fu bh 
*.84 B+8(C):: S. g. of C S. g. of B—6, and 
3: 5 n QE. I. 


101. Cor. 2. Let the ſpecific gravity of gold be 19, that of ſil- 
ver 11, and that of their mixture 16; then 
magn. of gold: magn. of ſilver :: 16—11 1916: 5: 3, and 
wt. of gold : wt. of filver :: 5 * 19: 3x14 9% 95: 33. 


SCHOLIUM. 

102. Let it be remembered, that this propofition, and the ana- 
logies derived from it, are only applicable when the magnitudes 
of the ingredients are equal to that of the ſubſtances compounded 
of them, which is ſeldom true. But the ſperific gravities of other 
compounds may be found by the chemical experiments of Kirwan, 
or wy other methods, 


103. PROP, The weight f a body P ond ins ſpeoifc gravity p- 70= 
gether with q, the ſpecific gravity of another body Qs being given; to 
find what weight Q united with N will make their Heißes gravity 
equal to that of any 129 1285 | 


— 


- The 2 „E. Ed. P+ 2= the magnitude of a por- 


F4 
tion of the fluid whoſe weight i 18 equal to that of both bodies. 


Tann hs we. of P + = P+2 x (the ſpecific gravity of 


I2 | W) = 


68 


Wi. of 4x37 . and wh. of K 


SPECIFIC GRAVITIES. 


| WP) = wt of Px gw + we. of Q x pw, and vr. of Px . 
we. of PUED IDE | f 


e 


* 


104. Cor. If the ſpecific gravities of P, w, and A be reſpec- 


tively 13, 


bt. of PRT 


4; Si; ah 


Os 


Engliſh guinea | 


Mercury 
Lead 


Refined filver 


Biſmuth | 
Copper from Japan 


as ' 


Copper from Sweden 
Hammered braſs 


Caſt braſs 


Turbeth mineral 


Cinnabar, natural 


EKlaſtic ſteel 


Soft ſteel 


Iron 


Pure tin 


Glaſs of antimony 
A pſeudo topaz 
A diamond 
Chryſtal glaſs 


Iſland chryſtal 
Rock chryſtal 


Cinnabar, factitious 


— 


TABLE or SPECIFIC > GRAVITIES. 
- Refined gold 


19.640 
18.888. 
14.019 
11.344 
11.0911 


9. 700 


9. o 


8.843 


8.349 
8. 100 


. 


8.200 


7.300 


7. 820 


7.738 


7-645 
7+471 
5.280. 
4.270 
3. 400 


3.10 | 


2.720 
2.650 


I, . 25, and P = 158 lb., then the weight of 2 = 
| — 25 — 2 Xx. 25 
X 25 —2 | 


Common 


"SPECIFIC GRAVITIES. 


Common glaſs - = — 2.620 


Fine marble — Se 2.704. 10 
Stone of a mean gravity 2. 50 


Selenitis — . 1K? ; 7 i'r 21252 N 7 


Sal gemmæ „„ 2.142tłͥ 
Brick 5 EG. 1 2.000 a 
Nitre * 1. 900 
Alabaſter = - = 1.875 0 
Dry ivory —— -. = „ 
Brimſtone — — 1. 800 
Dantzick vitriol - = 1 7 I $. 


Sofa SH] 19 dent, 2 b 1714 


— humanus ebe, ohe bar 
Dil of vitriol = - . 8 
Dil of tartar 


(PP Es . 2. 5 70 
Bezoar we + 14% 
Honey X 32S 0! 156: » 107 haben 


Gum arabic "Fg" 

pPpirit of nittte 1.318 

1 e 92S is „lite ge 
FID 1153 altiio titles gs 1. 1 50: 


Spirit of galt ENT 1. 130 
Craſſamen of the human blood 1,126 


Spirit of urine 1.120 
Human blood „ eee 
2 Amber 5 55206701 5457; 395; er: 
Serum of _— blood - 1.030: 


Milk r 1.030 


5 v Sf. 2 — 1.030 


Dry bored — 1.030 
Sea- water „1.030 


Common water 1. 000 


Camph ire 0.995 


Bees-wax' = - = 0.955 


Linſeed oil 0.932: 


d 
[8 


. — 
— — 
—.. P ns ee — — - 
— — — —— _— 


rr ———— àäw . — - 
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Dry aak : — 5 a o. 92 5 
Oil iin a9 
Spirit of turpentine e 


Rectiſied apirit of wine c. 86666 © 
Dry aſh - — 22 ON 0.800 
Dry maple — _— 0.788: .:. 


Dry em - - 0.600 
Dry fir k!!! $664 
Cor —— —— .o 
* : * 
Air. = — es 


This table exhibits the e ipecific 0 of the various ſubſtances 


contained in it, ; diſcovered by ſome of the methods already de- 
ſcribed, and the abſolute weight of a cuhic Foot of each body is 


aſcertained in gveindupoiſe ounces by wyultiplying the number 


oppoſite to it into 1000; as, for example, &. g. of; water : S. g. of 


mercury :: 1 : 44019 :: 1000 0Z..: wr. of a cubical foot of mer- 
cury, which is therefore equal to 2000 x 14.r09. avoirdupoiſe 
ounces. There are ſome uncertainties in this ſuhject, for ſub- 
ſtances of the ſame kind, though denominated by the ſame name, 
may not be preciſely ſimilar, and ſome ſmall errors may perhaps 
be inevitable in phyſical experiments: but they will be inconſi- 


derable, if the ales be nicely adjuſted, and the experiments cau- 


tiouſly conducted, fo at the body 'werghed do not touch the 
bottom or ſides of the veſſel, nor riſe abode the ſurface of the 
fluid, nor bubbles of air adhere. to its ſurfare. There is another 
cauſe of uncertainty: for moſt ſubſtances are dilated by heat and 
contracted by cold, and the dimenſions of the ſame body, and con- 
ſequently its ſperrficigravity, are different according to the different 


temperatures of the ambient air; and the altitude of the ther- 


mometer ought to be conſidered in conſtoncting a table of ſpecific 
gravities. The different expanſion-of bodies in ſummer and win- 
ter, and conſequently their different ſpecific gravities, appear from 
the experiments of Homberg, and Eiſenſchmedites m his Diſqui- 


ſitio nova de Ponderibus, &c.; from che latter of whom the fol- 


— — e lowing 


— 
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SPECIFIC CRAVITIES. 


lowing table, exhibiting the weight of a cubical win TO mea- 


ſure, of different W is taken *. 


7? 


A TABLE OF THE SPECIFIC CRAVITIES OF SEVERAL 


FLUIDS. | 
A cubic inch In ſummer. 
Paris meaſure, oz. dr. gr. 
Of Mercury 7 1 66 
Oil of vitziol -' . b 7 59 
Fpirit of vitriol $33 
Spirit of nitre 6 24 
Spirit of ſalt = 5 49 
Aqua fortis = 6 23 
* Vinegar 3 5 15 
Diſtilled — 1008-7 
Burgundy wine 4 67 
Spirit of wine 4 32 
Pale ale Sn 
N Broum ale IL T1277 tte 
Cow's milk | = 5 20 
_ Goat's milk 5 24 
Urine = * 
Spirit of urine 5 
Spirit of tartar + 27 
Oil of olives = 4 53 
Oil of turpentine 4 39 
Sea water - 6 12 
River water = 5 10 
Spring water 5 Ih 
_ Diſtilled water 1 8 


It appears from this table, that the expanſions of different fluids 
are 


to wins. 

oz. dr. gr. 

7 214 
7 
5 "8 


zern: 


7 43 i 
frozen in winter. 


5 11 


» Dr. Richard Davies hath collected experiments made by the moſt accurate authors, 
ſhewing their diſagreement and the cauſes of their difference, and alſo the ſpecific gravities 


of ſeveral ſubſtances by his own obſervations, for which ſee Phil. Tranſ. No. 488. See alſo 


Muſſchenbroek Introd. ad Phil. Nat. Vol. I. pag. 290. &c. 
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are different, in the ſame changes of the temperature of the air; 


and it appears from obſervation, that ſubſtances; not fluid, are 
alſo, in fimilar circumſtances, differently dilated ; but the weight 
of given magnitudes, both of fluid and firm bodies, being dimi- 
niſned by heat and encreaſed by cold. the variation of their ſpecific 
gravities is leſs, than if the dimenſions of one of them only had 


been variable. e 


Ag 3 ky o EN is * 3 


3 4 * +: 


105. PROP. When a ' ſeating bady ts ; quien) 4 iſle is, baer 
through the centers of gravity of the fart extant and = es, 7s 
hte; waa fo the Borizon, | 


* 


If the body is . to hs abe into two 1 by the 
ſurface of the fluid; the part extant endeavours to deſcend; and the 
part immerſed to aſcend, with equal forces, otherwiſe the body 
would be more or leſs immerſed. But the part extant endeavours 
to deſcend in a vertical line, paſting through the center of gravity, 
and the part immerſed to aſoend in a vertical line, paſſing through 
its center of gravity; and theſe forces are not-only equal but op- 
polite, or theſe right lines _ coincide, when the ex ag quieſ- 


cent. QE. D. 


Hs 
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FIG. XXVII. 
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MOTT | WV * VIII. 
or THE MOTION OF FLUIDS ARISING FROM 
| THEIR GRAVIT Y“ 


106. Le: MMA. 75 a fluid . 3 any tube vain fills it, or 


through any channel, and always is at the ſame height 


in the Jame place, the velocity in any part will vary inverſely as the 


area, in that part, of a ſection of * tube, or channel, perpendicular to 


the fiream. 


DEM. Since the tube i is always full, and the 1 of the fluid, 
in the channel, always the ſame, the quantities flowing through 
any ſections, perpendicular to the ftream, or the area of any ſec- 
tion (A) multiplied into the velocity in that ſection (V), muſt be 
the ſame, or Y x A is as , and they are RY as each other. 


QE. D. 


107. Cor. If the diſtances of the i pride of the fluid be FE? 
| he quantities of matter, or laminæ, of the fluid in different ſec- 
tions (2), are evidently as _ areas of theſe ſections, or inverſely 


as the velocity, that Qis as 2 and e V, or the moment of the | 


s: 2 


fluid, is a given . 


| 3 "Pace. 3 7. he velocity v of 4 fluid ifſuing. as a ſmall ori- 
Ace (O) in the bottom of the veſſel S RB M, generated by the preſſure 
the incumbent. column, is equal to that which would be acquired by a 
body falling, from reſt, through a on Tt; 10 4 1 If of the . 12 
cular depth of the orifice. 


, * Graves, L. II. Ch. VII. Muſſchen. Ch. xxlv. Asen e 105. Emerſon” 3 
Mechan. Helſham, Lect. XIV. Newt. . Prop. 36. Ferguſon's Lect. p. * 
| EM. 


© ip 


XXX Vit 


© 
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DzM. Let a column of the fluid, whoſe baſe is equal to the ori- 
fice, O, and height equal to AL, its perpendicular depth, deſcend 


from reſt by its gravity fot any time F”, and in the ſame time let 


the column ADC flow through the orifice with an uniform velo- 
city equal to /; and, becauſe equal moving forces generate equal 
quantities of motion in equal times, Ox AL x 32 T” (or the 
quantity of motion generated in the deſcending column). = Ox 
AD xP, or becauſe AD varies as Y 7 N being uniform) AL 


* 32 2 * T* or 64 x = V, and the ſpace, through 
Which a _ muſt deſcend s acquire a velocity _— 88 V, is 
equal 6 (Mechan. 537.) Q. E. D. ö 


109. Cor. 1. The velocity of the efflnent fluid, through an 
aperture in the ſide of a veſſel, is equal to that through one in the 


bottom, at the fame perpendicular depth, becauſe the generating 
forces are e the ſame. | | 


110. Cor. 2. The velocity of efflux, through apertures at dif- 
ferent e ha . var ries as the et roots of theſe 


1 * 
- i 2 


111, Cor. 3. If the fluid be uniform, and its ſurface; & R, al- 
ways at the ſame height, equal quantities will iſſue, in equal times, 


through any ſections EN, AB, CD, G P, &c. perpendicular to the 


ſtream (100), and if their areas be known, and the quantity of fluid 


iſſning out of the veſſel in a given time, or E be meaſured, the ve- 


locity may be diſcovered; being equal to SY * 85 Z, 


for the quantity of fluid flowing: out in a given time, or Q, di- 
vided by the arca of any ſection, is evidently equal to a right line, 
deſcribed: uniformly ir in that rime, by the velocity of the fled in 

"+; - 
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that ſection. The velority of efflux, at the orifice, is found, by 
this method, to be nearly, though not preciſely in all caſes, equal 
ta that acquired in _ * 1. i wolf enk its har tae 
CIO 1 hg l 1 . « * 
E Big! Vile 8 0 HOL IU M. 5 | 
142. Different theoretical demonſtrations have been given of 
this propoſition, and different concluſions apparently eſtabliſhed 
them, ariſing from the admiſſion of data, whoſe exiſtence i in 
fact is doubtful; or at leaſt not aſcertained with certainty, or 


5 7 


whoſe efficacy cannot be clearly inveſtigated; and, although 1 


have given a theoretic demonſtration, experiments, only, ſeem to 
me to furniſh ſatisfactory concluſions. Suppoſing the column of 
fluid, perpendicularly incumbent upon the orifice, to be divided 
into indefinitely thin laminæ, parallel to the horizon, it is evident, 
that the preſſure upon each lamina is different, and proportional to 
the number of laminæ above it, and the preſſure upon the lamina, 
contiguous to the orifice, equal to the weight of the whole column; 
but it is difficult to determine the preciſe effect of the preſſure, 
and how much the velocity communicated by it, is leſs than that 
communicated by gravity, in deſcending from reſt through the ſame 
perpendicular height, for the following reaſons. 1. The preſſure of 
the incumbent column upon the lamina of fluid at the orifice, is 
not tranſmitted inſtantaneouſly nor its effect always the ſame, but 
this effect ſeems to be greater or leſs, as the area of the orifice i 1s 
jeſs or er. ; for if the bottom of a veſſel were ſuddenly re- 
moved, the whole body of fluid contained in it would deſcend with 
the ſame velocity, and the preſſure ypan the loweſt lamina would 
produce no effect ; and it ſeems to follow, that in eſtimating the 
velocity, communicated by the incumbent preſſure, the magnitude 


of the aperture ought to be conſidered ; and, however ſmall it may 


be, the velocity of efflux will always be leſs than that acquired in 
falling through the whole altitude, 2. The particles of many 
_ fluids adhere together, and as the initial velocity of the loweſt 


b is greater than that of the next contiguous to it, che preſ- 


K 2 | ſure 
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ſure upon it being greater, it will be impeded by its adhefion, and 
the motion of this will alſo be retarded by the adheſion and flower 
motion of the next, &c.; and this retardation will evidently 
encreaſe with the force of coheſion. 3. The fluid does not deſcend 
in a vertical column; for, let EN be a ſection of the fluid paral- 
lel to the ſurface, and each particle in it, being equally preſſed 
downwards, will deſcend with the ſame velocity, in a direction 
perpendicular to the horizon; but when arrived near to the bot- 
tom of the veſſel, it is found to deviate from its vertical deſcent, 
as is deſcribed in the figure, towards the center of the column, 
and meeting the particles deſcending perpendicularly, their motion 
muſt be affected by this colliſion. By this alſo, the dimenſions of 
the column are diminiſhed, and are the leaſt at about the diſtance 
of a diameter of the orifice below it, where a ſection of it is called 


the vena contracta. | 


113. PROP. The velocity of the efffuent fluid, in the vena contrafta, 
is equal to that acquired by a body in falling, from reſt, through a ſpace 
equal to the perpendicular depth of the orifice (H). | 


It is collected from experiments, that the areas of the vena con- 
tracta and orifice are to each other as 1: 2; and ſince the velo- 
cities are inverſely as theſe areas, and that in the orifice equal to. 


that acquired in falling through = the velocity in the vena con- 


tracta is equal to that acquired in falling, from reſt, through H. 
Otherwiſe: if a bent tube, whoſe mouth 1s turned upwards, be 
inſerted in the fide of a veſſel, the fluid is obſerved to riſe to the 
level of the ſurface of the fluid. Or, ſuppoſing AB to be the ſide 
of a veſſel perpendicular to the horizontal line, BC; AO the per- 
pendicular depth of the orifice, and BC the diſtance to which the 
fluid ſpouts; becauſe each particle defcribes a parabola (Mechanics) 
and BC is found, by experiment, to be equal to V4 AO * BO; 
AO is equal to the ſpace through which a body muſt fall, to ac- 

| ; quire 
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_ velocity that will carry it to c. or 6qual to that of eflur. 


ii; JA bins 9101948 20} O bing 


E. D 
5 . 
x 
* I 4 4 
: 


8 58 Aa r » Oh 4, 1108 

114. Oo 1. The . of fluid iſſuing out of = at 
different depths, both in the orifice and vena contracta, vary as 
each other and as the ſquare roots: muy 1 met TURE" , of 


the orifices. FO ne 


* 


115. Cor: 2. Suppoſing O, 7 , A to repreſent the area of the 
| orifice; velocity of efflux, time, and quantity flowing out in that 
time, reſpectively; 2, will ere FN or; as Ox TN V., _ 
when T 1s given, as O RH. i Dat gifiseni ef dc v 


116. Cor. 3. Suppoling a body. to fall . reſt. through - feet 


7 


in 1”; the time of falling through DE te l . ; and, in this 


time, a column. of fluid iſſues rough O, equal to O * H; and | 
=0&47"xy E H; 


x Mx as 


7 3-4? 


”*% * Fey iO * . 
> « - OE. o * . - A 5 
a , 2S 


JT" — . : when all the fluid, contained at fr in the ve 
G NH. 


ſel, is 1 12 the ae is eee or <ylindrieal, T' = 


& 


A BN H 
6 
be the area a of 4 bottom. 

3% 40 Ai dey +1 E a1 eel 


fide of 4 veſſel, the' am litude i is equal to twice the ri gbr fine 
of a circular arc, "whoſe Aiameter il the perpendicular di ane of the 


POR the horizon, and ver ſed fe its di fence from the orifice. 
es DEM. 


=z. {21-1105 0] =") A bis an 


1 I 5 Plor When a fia pit bene. dare an gerne, F I'G. 
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DBM. Let AB be, ;the-fige of the yeſſel, A the ſurface of. the 
fluid, O the aperture, and BC the horizontal diſtance op amphs 
tude: and BC? (ex conicis) = the product of the parameter and 


1 e e eee 10 5 * 


FIG. 
XE. 


1 Py 
II.... n 10 811 2139 r 1 


10 10 


e ia Be 21:10 * 7 li 1409 . 48 7 
15 1000 — 1. BC is the Sunn poſlible, when ho ß in the bi 
ſedtion of AB and it is then equal to AB. 230610 £ 


Wo 


119. Cora. H the fd cf * — im any angle, to 
the horizon, and the direction, and velocity af the effluent fluid be 
known, the amplitude, altitude, and time e N _ 
vered by the rules opts. cnn in projetites. -:: 216 4: 


120. bab. Bonk of Mur, thropgh . ſinall orifice; O, in a 
ohuaric or Prifivetic veel, Fs fray retarded. . 


* — — 


* ” : n 
TY 6749} is — 113 ü Li 7 1 


zt 


Dill. Let a a Bech be projected perpendiguſarly EY from 


O, with a velocity equal to that acquired in falling through a 


ſpace PO, equal to the perpendicular depth of O, and the veloci- 
ties, deſtroyed by gravify when the body arrives at any points D 
and E, vary as the ſquare roots of DO and Q, er as the veloci- 
ties of efflux, when, the. ſurface is at D and E ak 100 but the yelo- 
cities; deſtroyed by gravi ewes e aſteridit © encreaſe uni 


x5 and r xcloFity of . bee unlforily, - 


Tr: 

„* 
771 
— 


Otherwiſe: The decrement of co of _ or 75 U varies as 


515 of force w (EN enerates It. ( 1 ot time (7). or 
| may be 


Px Fi is =, O, and that O, F mbſ be con- 
Kant, ig ſuc fly. ** uni We e Or. (rom ! I 16) 


7 5 x * and if T bb taken in arithmetic progrefſion, 
V, or 


6 
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125˙7 Cor. 7. 1, The velocity of oma in to 45 — 8 
the, furface deſpends, as th area of the ſurſace to Os und cunſt 
quently, the ſurface deſcends yith an uniformly. retardec motiony 
and the ſpaces, deſaribud;Þy it in qu mes, are Hs; the odd 
numbers 1, 3, 5, Kc. taken backwards. 


391511 Sci gil ;1 10 . 


| 4 5 Chr. 2 4 1 Tf fl "therefore che hes of: a gylindric, on l 
veſle}, be divided into-pertions MN, NS, . Soi continued th 
the farface of the fluid, which. are as the odd numbers 1, 3. 4377 


&c. a clepſydra would be formed; for the ſurface SR would de- - 


| Rong CN” theſe diviſions in equal times. 
4. N bat 14 oa idwu rn tut ofT 100 081 


1 
5 "Q": [ih 20 bluoye AV fl a i © AI: Y 


12 3. Cr 3. be quonticies of fluid diſcharged i in equal times, 
being as O multiplied into they Je it O or as II of 
the ſurfa ace ( (or. I. v are e uniformly ene, | 2 


Sg 14 * 


124. Pop. 7% vudntity "of Pk d: ek. Fa a z er el, 
O, in a cylindrical or priſmatic veſſel, that empties it elf, 1 enn to 
half of the quantity,” which' would be Hinged in "the Jo ame m_ were 
the altitude of the fluid 10 continue the ſame. U %4 6 


PE. Let the time, J, be, divided — Pürts, cac 
of which is unity; and the quantity diſeharged in the time, 3 
when the firſt velocity, ; continues the fame, is equal to OV 7 
(3115) or to Qx#/ xn. But when the veſſel empties itſelf, the ve. 
locities, and quantities diſcharged in times, each of which = 1, 
decreaſe uniformly: to nothing: and, from the nature ofcanarith<: 
metie ſeries, the whole ee is equal to the firſt term multi- 


plied 


3 


1 - 
i 
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plied into half of the number of terms, or equal to O x ** =, 


Otherwiſe: The quantities diſcharged in equal, ſmall Palücles 
of time, when the velocities are uniform and uniformly retarded, 
are to each other as the velocities (the orifice being the ſame), or 
as the ſpaces deſeribed uniformly by theſe velocities; and the 
whole quantities are as the ſpaces deſcribed in the ſame time by a 
velocity equal to V, and velocities beginning at ** and uniformly 

"retarded till they „ ws. "> 8 


12 5. Cor. 1. The time, therefore, 1 in which a cylindric or priſ- 
matic veſſel is emptied through a given orifice, is equal to twice 
the time, in which the ſame quantit of fluid would be diſcharged 
with the Roſe velocity continued uni A 7 n 

126. Cor. 2. The os, in which r the fluid, contained in the 
veſſel SB M. R, yrould be diſcharged, if the firſt velocity were con- 


EO. 
Sau unifortoly, 3 18 equal 1 % Xi, # 32.0 


> Ela 
or the time in which the'veſſel would be emptied, is conſequently 


equal to 2 2 But the time of Falling, n 2 PQ = = 


enn 


and twice this time, 


Oo” 


5 =; and the time iherefare in \ which the veſſel; is artes 
is to tha time in which a body falls down 2 PO::B:O. * 8 


127. Cor: 3. e ws in whit 8M, * and DM, are emptied, 


being equal to © 3 by —— D reſpeAively, che 
time in which . Lurface SR deſcends to any y other poſition, DE 


| 8 and "0 
is equal to 0 B - — WET _ d conſequently varies as 
88 — 


—— —— — 


1 ARISING FROM THEIR'GRAVITY. | 
SPO—'y/ DD: If therefore the fide of the veſſel be divided in 
E, F, G, &c. fo that AR ME= SME —vV MF = MF 
AM, &c., a clepfydra or hour glaſs would be formed; for 
the ſurface would deſcend from R to E, from E to E. from F to 
G, Kc. in equal times. 5 


128. PROP. To. find the 0 T, which * 1b the forface . 


of a fluid, S R, contained in any irregular _ and IN through 
@ ſmall orifice, O, deſcends to 25 land D E. 3 


Let H = the greateſt altitude or PO; x = any other altitude 
20; and A = the area of a ſection of the fluid, parallel to the 
ſurface. The velocity: of efflux, when the ſurface is at AB or 


V 25x: Fele of the ſurface, A B: 8 A: O, and the * of AB 


— od. | 
=V/25xX* S, but Tis equal to ——— velocity 15 KT and if 4 


be given in terms of ; x, the time, or T, mY be found. N I 


129. Cor. 1. If the veſſel SOR be e or priſmatic, Ais 
of 


conſtant; and fince T=7 557 7 2, T =C, the correc- 
tion, + 0 Lo x — 2 xx == (if be equal to wow i 7 x 


| * 2 2H — Hax. Let the fluid run till the. veſſel. be empty, and, 


* von equal to nothing, 7 1 wy * TG: but the time of 
A. 


falling, from reſt, through N 18 equal to AV and conſe- 


quently theſe times are to each. other 28 A: 0. als ſame. analogy 
as in (art. 126). If the firſt. velocity be continued uniform, the 
quantity of fluid diſcharged in the time, T. is 3 to TO x 


v2s Hr 10) == - (ſubſtituting T” s value in this cor. = AxXOx Vas? 


O x * 2 
Ax 2H the ſame as in art. 124. „ 
L ed 223466 Sor. 
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130. Cor. 2. If the veſſel be a paraboloid, whoſe axis is verti- 
cal, and the orifice be in the vertex of the axis, which is the loweſt 
point; A is circular and equal to x x parameter belonging to the 


O NE. 


. | 8 2 3 . Li | 1 2 | 
axis = xXx, * T=g er ow and. 7 = == Fr 
HI 3x3 = (when the veſſel is empty) — "= I, 


13 1. Cor: 3. If the paraboloid be inverted, and the aperture be 
in the middle of the baſe, which is horizontal; 3 


Oz Vis 
H—xxX* 5 yr —— — 3 Pp 
* 6 r, Het, and T = Oz F x 


2 Hx: - x. If the fluid run till the veſſel be empty, or till x be 
equal to E, T= 2 H- Hi; and the times in this, and the laſt, 
cor. are to each other as 2 — 1 * HI: HA: : 2: 1, By a ſimilar 
proceſs may be computed the times, in which cones and other fi- 
gures, formed by revolving about an axis, are emptied. 


SCHOLIUM. 


132. The preceding propoſitions are only applicable to the efflux 
of fluids, through very ſmall apertures, and if they were preciſely 
coincident with experiments, the laws of efflux through larger 
apertures could not be derived from them; for the cohefive force, 


and lateral motion, of fluids flowing through different orifices, are 


not the ſame; and it is not therefore allowable to conſider a large 
orifice, as compoſed of many ſmall ones, whoſe ſum is equal to 
its area, The deviation of theory from facts, appears from the 
following experiments “*, which ſeem to have been made with 
great accuracy; but I would obſerve, that a law or principte in 
nature, and theoretic concluſions derived from it, cannot be in- 
| 5 | „ | ferred 
® Theſe experiments were made by Mr. Vince, who had the goodneſs to communicate 
them, and permit their publication. 
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ferred to be falſe, becauſe they do not correſpond with fats; for 
theſe, ſometimes involving the menſuration of minute quantities, 
cannot be aſcertained. with perfect truth, and any error will pro- 
duce a proportionable diſagreement with the law, though its ex- 
iſtence and properties be inveſtigated by theſe and other ſimilar 


facts. The following experiments agree with the theory as nearly | 


as could be expected. 


Let the depth of a cylindrical veſſel be a, n = the area of the 
orifice, 2 = the area of the bottom, = 165; feet, x = any ſpace 
through which the ſurface has deſcended from the commencement. 
of the motion, and conſequently a — x = the ſpace which it has 
to deſcribe, and let the velocity at that depth be ſuch as a body 
would acquire in falling down à — x multiplied into ſome quan- 
tity s, which quantity will manifeſtly always remain the. ſame 
provided the ſurface be uniformly retarded. Now if # = the time 
correſponding to the deſcent of the ſurface through the ſpace x, we 


2 ED! 1 ——, if the ſurface be 
uniformly retarded. Now the diameter of the cylinder uſed in all 
the experiments was 7.252 inches, and the depth of the fluid at 
the commencement of the motion was 8.1 inches, and the times 

of the deſcent of the ſurface through the obſerved es were mea- 
ſured by a well regulated pendulum. N 


have by calculation 


Ex. 1. The diameter of the orifice was . . inches. 


31 $ = 


1 in. 59.14 $123. 

. 120.43 | .5289 

| 286.43 [· 54 
259-71 ] -5439 
| 344-57 | -5397 

1 443-10 | -5495 


* 5 Exp. 


NO 
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os P. 2. The nene of the orifice was as +3811 1 inches. 
| * _ 8 12 5 | 
im; | mn” | = 

2 14.33 | 4663 
3 22.254743 
4 30.71 [. 48 56 
5 [40.79 4808 
6 | 12. 8 3 


— 
—— 


* [ 1 


[ 1 i 


2 in. 8.75 |. 396 
— 14 J 8.554273 


6 | 1 31:35” 4205; © I Eit Cr 
Exp. 4. The diameter of the orifice was 67 inches. 


fe = | =, 
151 1 85 ene e vd vn 
N 3658 | 


x £ * 59 » nds, i — ay - 
„„ . F . 4 4 4 1 
. i ' "> — 8 +4 14. 5 1＋ 


Fe. theſe and. San other expreinacints of the W kind, 5 it 
appears, that the velocity of the effluent water is in no conſtant ra- 


tio of any part of the. depths the value of s.in all the experiments 


increaſing till the ſurface got within g or 4 inches of the hottom, 
when the motion began to be very ir regular, owing Pr obably to 
a circular motion: which: the fluid always acquired by tliat time; 
and when the hole was ſmall the fluid would ſtop running when 
its depth was not leſs than fh of an inch. Theſe reſults tend to 
ſhow how very imperfect all thepry, ref pecting theſe matters muſt 
be, and that the only way to Arrive at. In thing ſatisfactory muſt 


be from experiments. Frem thoſe which I have already made, I 


have not been able to deduce;any general concluſion reſpecting the 
the law of velocity in different depths.. In making the above ex- 


(2504 par I wiſhed alſo to n. effect of taking away a conſi- 
= 4 derable 
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derable part of the lateral motion of the water at the orifice; for 
which purpoſe I took a hollow cylinder of the diameter of the 
orifice, leaving a narrow ſlit. on one fide, at the bottom, for the 
water to enter, when I found the time of emptying to be exactly 
the ſame as when there was no cylinder; the motion of the water 
therefore through the orifice, is not at all affected by the lateral 
motion of the water flowing i on all ſides in oppofite directions, 
and at the ſame time it proves, that the horizontal is exactly equal 
to the perpendicular preſſure; for the preſſure of the water imme- 
diately over the orifice” was taken hah by ſtopping the eylinder 
above ors Me Oe par i 3B UPS 016 en CO mare 


nt date ** 2030 699199 dl 3 an zu Ty, 

ling: 2 Cn 169029 26 A325 eoviri 205 

7 13 2. Pao. . 1 a | fuid ofiend i in a bended ee tube PORS, 

whoſe legs PQ. and RS are 9 and Put atich, 76 aura ti n (F), 
of an fellatio . 


8 os 


Let the ſurface E B and CD be Gp che. lime 1646, ug the 


fluid be quieſcent; and if. A B deſcend to EF, CD will be raiſed 
through an altitade D H equal to AE. Take IK upon the ſame 
level with EF and the fluid EFQRK will be in equilibrio, and con- 
ſequently the column G K, being unſupported, will deſcend and 
protrude the quieſcent fluid. Let A accelerating force, HD = a, 
P = periphery of a circle, whole radius is a, L = the length of 
the fluid's axis, O'= a ſection of the fluid perpendicatar to the 
axis. And becauſe 4, or the increment of the velocity generated. 
in a given. . is as the . of GK directly, and — as 

5 1 0 W 


. e 81 


Ai: 
4 or 9 0 2m: 3 xa -: | ratictey at _ earns = tete e, 1 * 


: —— * 211 RX 
4 185 ea: mY at the ſurface = 2% xv 4mrxa—s EY - IT i= ä 
2 = 
X a—s) | 13, whoſe fluent 1 18 X a—x, 2, on When Soo, X=0, therefore 
= ew” er 16 fan Vo 2 = 71 1 


3 — EE e 


the be fluent 12 N * . , and IVEE'Y, ER— * 


%% 


" Nin Princip, Vol. II. Prop. XLII. 


FIG. 
XLII. 


. MOTION or FLUIDS 
the _—_y of matter to be moved, 1 is as as © 2 or a . 


and in any other poſition of the ſurface 4 1 A is as 72, or as the 


diſtance from CD. Leta pendulum, wheth length i is 25 vibrate 
in a cycloid, and ſince the accelerating forces in the ns and cy- 
cloid, at diſtances from the ſurface CD, and the vertex, equal to - 


are equal to the whole force of gravity, and in other points _ 
as their diſtances, they are equal at all equal diſtances from the 
' ſurface CD and the vertex of the cycloid. The time in which 

the ſurface arrives at 1K 1s equal to the time of a vibration in the 


| | 2 
| cycloid, or (Mechan.611.) tot x 21 „ and is given. . I. 
| 45 | 


134. Cor. 1. If P be the periphery of a circle, whoſe diameter 
is 1, or p == 3.14159, chen Pt * 24: 1, and = E == 2p, and the 
. 


time T=p x 2 
135. Cor. 2. The time elapſed whilſt the ſurface returns to its 
- ©. © - ' . ol 15 8 . 5 i 
original ſituation, or two oſcillations, = 22 * v „ 


WL = time in which a pendulum, whoſe length is 2L, per- 


forms one vibration. 


136. Cor. 3. When 1 or che length of 1. axis of the Auid, 


varies ; the time varies as X. c 
137. Cor. 
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137. Cor. 4. The velocity of the ſurface GH is perpetually ac- 
celerated till it arrives at CD, where it is the greateſt, and is then 
retarded till it arrives at IK, where it vaniſhes. In the ſame tube 


the greateſt velocity i is SEX as * (Mechan 11.), and therefore 


4 
varies as a; and in different tubes it varies as —= * T. 


15 Cor. 5. If che length of P and RS be diminiſhed, and 
the whole length L continue the ſame, the part AR 


being encreaſfed, T ſtill varies as TL, and Vas —— A T. When the 


agitation is ſmall, the time in which a particle deſcends from the 
ſummit of one wave and arrives at the ſummit of the next, varies 
as the ſquare root of the diſtance of the ſummits, ſuppoſing the 
altitudes to be very ſmall compared with this diſtance. 


139. DEF. A river is a ſtream, or current of water, deſcending 
by its own weight, from the more elevated to the lower parts of 
of the earth, in an open bed or channel. 2. It is ſaid to be in a 
permanent ſtate, or to flow uniformly, when the depth, in any 
place, always remains the ſame. 3. A ſection of a river is an 
imaginary plane, perpendicular to the boron, or direction of the 
ſtream. 


140. Cor. If the ſides of a river be plane ſurfaces, perpendicu- 
lar to the bottom, and parallel to each other, and the bottom be 
alfo a plane ſurface, either horizontal or inclined to the horizon ; 
a ſection will be a right angled parallelogram, and if the river be 
permanent, or flow uniformly, the ſame quantity of water will 
flow through every ſection, in * times; and if V, B, D be the 


velocity, 


— — 


. ͤ—k — ˙¹w UN 
— — 
— — — 


— — - ne nn are oem 


88 


of the ſurface AE Ge 0 Ks 


| We and a will vary as By 5. 


niſhed by obſtacles and uneveneſs at th 


MOTION or FLUIDS: 


reloeity, abet aud. depth tt; LY xB. * * will bd nen | 


375 — — * 18 


2910 1 7” 8 4 5 + a5 


ets eee 5 . Sora. 
<= TT» Phd, The velocity of any particle of water, in a river, is 
equal to that, which a body would acquire in falling, from reſt, from the 
8 di Nance of tbe. fur face f the water in the ſerver. ins 


Let BM be the battom of the x tiver, 4 P the path of a par rticle 
of parallel t to it, and fince each particle deſcends; by its own gra- 
vity, and is ſuppoſed to move freely and without obſtruction, its 


velocity, at apy point P, is equa] to that which a body would. ac- 


quire, in falling from reſt through f 28 Res PR BUN ns depth | 


4 » 
#4 


8 41114 


142. 4 Oct. The velocity of the owns is 2 * the e 
of the lower, parts of a river, for the velocities of P and Q are to 
each other as /Pp: Vp. If the breadth be the ſame, the 
depth perpetually decreaſes, and the velocities of the higher : and 


lower yore approach to 8 


SCHOLIUM. 


143. Rivers take their riſe in mountains, or elevated grounds, 
and, deſcending from thence by their gravity, are received in beds 
or channels, often nearly horizontal, and their current is then 
only maintained by the velocity acquired in their deſcent, and 
their encreaſed depths. When the bed is become nearly hori- 
zontal, the velocity, acquired in ark is perpetually dimi- 

ottom, and irregular 
windings and turnings of the ſides, againſt which the ſtream, is 


impelled and its direction changed, And hence the velocity is 
greater 


. 


1 Wire ie «$4 244 . %$ k 


* 
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greater in the middle of the ſtream than near the ſides, and at 
ſome ſmall diſtance from the bottom, then contiguous to it. The 
velocity of the lower parts is encreaſed with the depth, or com- 
preſſing force, which is communicated by coheſion to thoſe above; 
and hence one foot of dechlivity, to about one mile of horizontal 
diſtance, will * a ſenſible current in deep. bow not in ſhal- 


Tow wan”. . 5 516 


144. Dbs. A A\gplonis ie as ABC, open at both ends, 


one of whoſe legs, BC, is uſually longer than the other 4B. Immerſe 
the ſhorter leg in a fluid, and, ſucking out tlie air at C, it will af. 


cend up AB by che preſſure of the atmoſphere upon the ſurface & R. 


> 


and fill the tube; or fill. the tube with the fluid, and Ropping the = 


| orifices till it be inverted and immerſed, as before. The preſ- 


fure of the atmoſphere upon the orifices A and C is the ſame, and; | 


ſuppoſing OB to be leſs: than the ſtandard altitude; and to be 


upon a level with O, the columns OB ahd BH, are ſupported by 
the preſſure of the atmoſphere, and in equilibrio; but HC, being 
unſupported, muſt deſcend by its own weight, and leaving a va- 
cuum behind it, the preffure of the atmoſphere at A will not be 

counteracted by any preſſure at H, and conſequently the column 
BH will deſcend with HC, and this motion 2 n till the 


| werde SOR be e „ 


4 LE. . E 


24145. eck K. If the legs of FP Sphon 1 be be the Bi ia; it 
is clear that there will be no motion, the columns OB and HB 


bein 8 both r 2 the N. of the e 


; 116. Cor. 2. The Cw of eee Sn may 7 
explained by this property of the ſyphon: Let AE be a reſer- 
voir, ſupplied with water by a ſtream at B; E the orifice of any 
er channel whoſe 1 _ is H The ſurface of the fluid 

By — A 

vice | Leg. Gagliclmin della Natura e [7 $729 24 148.7 
- M 


FIG. 
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AB ies upon hat fame levelſin the reſerveir and duct EH. chere 
will be no efflux; but when Ab riſes higher in the reſervoir than 
H, the fluid will deſcend through Hi, and ſuppoſing the efflux at 
I to be greater than the influx at B, it will continue to flow till 
the reſervoir be empty; and: the motion will then be inter mitted, 
till che reſervoir be again filled about the level of * n 12 
emptied as before. ine wo 


147. Cor. 3. Reciprocating te may be explained from the 3 
ſame wore es Let the reſervoir F:G H be ſupplied by a ſtream at 
F and by a ſyphon EBL. gommümicating with another reſervoir 
A CD. From the: conſtant influx at F, à conftant ſtream runs 
into the duct at G; and ſuppoſing the raſetvdir 40 to be full of 
water, and to flow through the ſyphon EBL, the preſſure at G, 
and velocity of the ſtream: in G1, will perpetually encreaſe till 
ACD be empty, and then decreaſe 1 15 . n and flow 
Around the ig br mien as befora. zer {2457's cog 

: 27 i one 1 on eee 201] 


42 165 


. 
d 7 1 


e the e height of a column of water, in equilibris with 
the weight of the atmoſphere, to be equal to h, and the ſpecific 
gravities of water and air to be as 850 1; the height of a column 
of air, in equilibrio with the atmoſphere, and of the ſame denſity 
with air at the earth's ſurface, 1 is equal to 850 x þ feet. But, 
ſince the elaſtic force of air is equal to the force of compreſſion, 
air thus compreſſed will move with a velocity equal to that ac- 
quired in falling through 8 50 * & feet (113), or to an uniform 


| velocity of $1 xvV8 125 * oe Weis RENEE 1 QE. 1. {4 


149. Cor. 1. If * 32 For, the altitude of this homogeneous 
| column of air is equal to 32 WW and "conſequently 
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= SN V27200=$x.164.9 = 1319.2 feet. If a body there- 
fore move with a greater velocity than 1319.2 feet in 1”, no ſpacy 
Er wy it, muſt on _ time be a Yacuum. | 
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I 50. Dz EF. 5 COMMON; pump i: isa 2255 olle tube or barre, 
AB, open at both ends, to whoſe cavity a piſton, P, 
baving a valve that opens upwards, and moveable by means of a rod © £03 
xed to it, is fo exactly adapted, that neither air nor water can paſs be- 
ween it and the ſides of the barrel. 1 C be the loweſt point fo which 
the piſton cau be depreſſed; and D the higheſt to which it can be raifed, 
Dei 7s called the ſtroke of the pifton. In the forcing pump the piſton is 
an entire cylinder without any ferforation or valve, and a Pie, E EF, is | 
Thferted in the fig de, and 'communicqtes with the barrel & a value open $53 
ing Towards F. e ee e | 


. 
* #% 1 a ren PI 1 
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151. Cor. 1, If one end of a pump barrel be immerſed in a re- 
ſervoir ef water, the ſurface of the; Waten in the N and bar- 
rel will be upon the ſame Jeyel. Lg a cylindrical plug, L, having 
— hole i in it covered with a valve that opens upyards, be exactly 
adapted to the cavity of the barrel, and placed a little above SR; 


and railing the piſton to D, the air below will be expanded and 
rarefied (13), and the water will riſe by the external preſſure of the 
1 _ mhe rm SR, til! 1 r and _ elaſticity 
PR: „er, | T Ny ; of 


oe Cotes, pag. 71. Roh. P. I. Ch. XII. a. 17. 23. bs, $yſt. P. II. pag. 89. Wells 
AMechan. pag. 72. Muſſ. Ch. XXXVI. Philoſ. Britan, pag. 13—55 & 123. 


M 2 


F PUMPS. 

of the air above it be equal to the weight of the atmoſphere. If 
P be now ſufficiently. depreſſed, the valve at L will be cloſed, and 
the air between Pfand E condenſed, and, when! its elaſticity is 
greater than that of the atmoſphere, ruſh through the valve at P, 
which will be immediately ſhut by the weight of the external air. 
And, raiſing P again to D, the air. below it will be farther 
rarefied, and aſcend through the valve at L; and by repeated 
ſtrokes of the piſton, the air below it will be exhauſted, and the 
water aſcend through the valve in, P, and be diſcharged from an 
orifice in the ſide of the barrel, a little above D. It is evident, 
that, in the loweſt depreſſion of tbe piſton, if the elaſticity of the 
air below it be not greater than that of the external air; the valve- 
at P will not be opened, nor conſequently can the water be raiſed 
any higher, but will ba the, en when thele Flaſtic Ar are 

a W 


12 ML 44 3 8 * 2 \ * 1 Ek Way 
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1 52, Cor. 2. 0 the forcing pur, p, the ind 88 P and Zi is 


ale 


air belch it is not t greater tan that of. the e air, — W. | 
at E. wilt continue cloſed, and the water can be raiſed. no. higher. 

But hen the water: is xaiſed above E, it is forced, by depreſſing 
the piſton, into the tube E, through the valve at E, which is 
er cloſed, by the — of the atmoſphere and water 


admitted. 


I 53. Cor. 3 The greateſt . to uhich water can be raiſed, 


in the common pump, by a ſingle piſton, is when the column is 
in equilibrio with-the weightof the atmoſphere; or, in this ling 


dom, when its on coma is between = * 36 feet. 


154. PROP. The 3 altitude 2 ne? leaf: (1): 5 the Aides | 
above the ſurface of the water in the reſervoir, being given; to find the 


 oſcent of the water (S's or 1) ” one ſtroke... 


e | "Or PUMPS. 
Suppoſing' the air below the piſton to be in its natural fate, 
when it is at the loweſt depreſſion, C, and when elevated to the 
higheſt point, D, the water to riſe to 37; the air which occupied 
the ſpace CR, will be uniformly expanded into the ſpace De, and 
then its elaſtrc force (e): elaſtic force: of the external air (:: 
Cr: Dr.: I: g—y :: a column of water whoſe altitude is 5 — y 
: a column whoſe altitude is & (ſuppoſing it to be equivalent to 
the weight of the atmoſphere upon the ſame baſe) :: 5— y: bz 
and conſequently b x ] = g —y x h—y = gh —g —h x 5+, 


„„ TY RET TD 
and y = = £5 ＋ 1 * | 


8 / 
x: 
* 


> | 749 0 
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155. Cor. 1. Let g = 76 feet; I 125 g= b = 22; 


214343] 


and y = == <= "_ 128 ＋ 24 = 2.834 feet. 


156. Cor. 2. If the piſton be depreſſed to C again, and the Ar 
below it be more elaſtic than natural air, the valve in the piſton 
will be opened, and the ſpace below filled with natural air; and 
being raiſed to D, the air will be rarefied as the water aſcends to 
ſome higher altitude GH. Let SG = x;- E and e be the elaſticity 
of common air and of air expanded through DH, and E: e:: DH 
: Cr: :g -x: I- (L) :: 5: 5 — Xx, and L 5 = - *, 
; e 2 N 4 
and x'= = VEE + oy” 5 + LA. Let g = 16; 
I=12 and E. 12 — 2.834 = 9.166; gel, and the ,aſgent 
of the water from the ſecond ſtroke:= x -= 1 — 2.834 
2.566. By a ſimilar proceſs may the aſcent be found from the 
3d, 4th, &c. ſtroke of the piſton. | 1 | 


* 


157. PROP. Let 2 be the bigheft aſtent of the mater, g and I the 
greateſ} and leaft herghts of the piſton reſpectively; to find the value of 2. 
When 


94 


Or PUMPS. 


When the piſton is at the loweſt depreſſion, the ſpace below it, 
which is filled with natural air, is equal to /— , and when at the 
higheſt elevation, the ſpace is equal to g — 2; but the elaſticity of 
air in its natural ſtate (E); its elaſticity when thus expanded :: 


SI's Je=ziih: h—2; and g—=3xb—z=l—2 x b, and 


*g Ig x b and N I—gxhb +8. 


158. Cor. When /—g =. 245 mans when =; 


2 
15 greater than 2 128˙ the values of z are impoſſible, or no pump 


can raiſe the; unleſs the length of a ſtroke be greater 2 the 
ſquare of the greateſt altitude of the * divided 1 128. 


8s HOL IVM. 


1 59. The phenomena of ſyringes, cupping-glaſſes, ſuction, re- 
ſpiration, &c. are explicable from the preſſure of the atmoſphere. 
The fluid into which the lower orifice of a ſyringe is inſerted, 
muſt riſe, from the preſſure upon the external ſurface, into the 
vacuum produced by drawing up the piſton. Suction by the 
mouth, placed under the ſurface of a fluid, or applied to a tube, 
is effected by an exertion of the muſcles uſed in reſpiration, and 
enlarging the capacity of the cheſt; for the air within, being ex- 
panded into a larger ſpace, becomes leſs elaſtic, and the external 
preſſure forces in the fluid to reſtore the equilibrium. In the 
ſarie manner, when the cheſt is dilated; the equilibrium between 
the external and internal air is deſtroyed, and the firſt is conſe- 


quently forced in by the preſſure of the atmoſphere, 


BAR O- 


Or BAROMET ERS. 98 | 


BAROMETERS, 


160, DEF. The common mercurial barometer, or weather glaſs, is a FIG. L. 


cylindrical glaſs tube, whoſe diameter is generally about id or ith of an 
inch in diameter, and length 34 inches, filled with prepared mercury; 
one en of the tube, A, is hermetically ſealed, and the open end, B, in- 


ſerted into a baſon of mercury. The tube and baſon are fixed to a frame 


of wood, and ſuſpended in a vertical ſituation, The height of the mer- 
cury in the tube above the ſurface of the mercury in the baſon, is called 

the Aandard altitude; and the difference, between the zone a ys 
altitudes, is called the limit, or ſcale, of variation. 


161, Cor. 1. The mercury in the barometer tube will ſubſide, 
till the column be equivalent to the weight of the external air, upon 


the ſurface of the mercury in the baſon, and it is therefore a erite- 


rion to meaſure that weight, and chiefly directed to that purpoſe. 
In this kingdom, the ſtandard altitude fluctuates between 28 and 31 


inches, and from hence it is juſtly inferred, that the greateſt, leaft , 


and intermediate, weights of the atmoſphere upon a given baſe, are 


reſpectively equal to the weights of columns of mercury upon the 


the ſame baſe, whoſe vertical altitudes are 28, 37, inches, and ſome 
altitude contained between e 


162. Cor. 2. The Sendo altitude ought to bs the Gs, what- 
ever be the diameter of the barometer tube; but when this dia- 
meter is very ſmall, the attraction of coheſion between the mer- 
cury and glaſs prevents a variation of altitude, which ought to be, 
and in larger tubes 1s, ſenſible from ſmall differences in the weight 
of the atmoſphere. | ? | 
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163. LEMMA. If a given line L be divided into u equal parts, 


"=" be alſo divided into 7 agg IR each diviſion of 


| 


2 will pe leſs than that of "Fw ” by L x —, 


r u. When L is divided into z equal parts, each part is equal 5 


to Lx or Lx S; and each part of L x . thus divided, is 


2 „which is greater than the former by LX . 
7 5 . a 8 a NR 


equal to L x 
CES. 


164. Cor, 1. If each inch of the ſcale of variation, AD, of a 
barometer tube, be divided into ten equal parts, marked with 1, 
2, 3, &c. engrealing upwards, and a Vernier or Nonius, LM, whoſe 
length is {ths of an inch, be divided into ten equal parts, marked 
with 1, 2, 3, &c, encreaſing downwards, and ſo placed as to ſlide 


along the graduated ſcale of the barometer, the altitude. of the 


mercury in the tube, above the ſurface of that in the baſon, may 
be found, in inches and hundredth parts of an inch, by this pro- 
ceſs. If the ſurface of the mercury in the tube do not coincide 
with a diviſion in the ſcale of variation, place the index of the 
Vernier M even with this ſurface, and obſerving where a diviſion 
of the vernier coincides with one in the ſcale; the figure in the 
Vernier will ſhew what hundredth parts of an inch are to be added 


ta the tenths immediately below: the index. Let, for inſtance, 


the ſurface of the mercury be between 7 and 8 tenths above 30 
inches, and the index of the Vernier being placed even with it, and 
the figure 5 upon the Vernier being obſerved to coincide with a 


diviſion upon the ſcale, the altitude of the barometer will be 30 
inches Z and , of an inch: for each diviſion of the Vernier being 
greater ten that of the ſcale by x; of an inch (lemma), and there 


being 


* 


or BAROMET ERV. 


being five diviſions, the whole muſt be 25 of an inch above the 
number 7 in the ſcale; and the height of the mercury is therefore 
30.75 inches, 1 | 1 5 b © res TR 


165. Cor. 2. Whatever be the number of diviſions in the ſcale 

of variation, and in the Vernier, the height of the mercury in the 

barometer is eaſily diſcovered by a proceſs ſimilar to that in the 
laſt corollary. - 


SCHOLIUM. 

156. There are ſeveral other kinds of barometers, of which it 
will be ſufficient to give a ſhort deſcription. 1. In the portable 
' barometer, the lower part of the tube is bent upwards, and wider 
than the reſt of the tube; and in this recurvated part, the mer- 
cury is expoſed to the preſſure of the atmoſphere: or the mercury 
in the baſon, is contained in a flexible leathern bag, expoſed to the 
ſame preſſure. In this laſt, the mercury is forced into the tube 
ſo as to fill it, by a ſerew fixed in the bottom of a wooden box 
containing the bag, leſt the motion of the mercury ſhould break 
the tube. 2. In tlie diagonal barometer, the ſcale of variation is 

bent into the direction DR, making an obtuſe angle with the ver- 
tical part BD. The ſcale of variation is, by this barometer, en- 
creaſed in the ratio of DR: DA; but this encreaſe does not com- 
penſate for the friction and attraction of coheſion upon the lower 
ſide of DR. And when the angle RDA is greater than 45, the 
inſtrument is rendered uſeleſs by the ſeparation of globules of 
mercury from the column. 3. The wheel barometer is àa compound 
tube SERBD open at D and cloſed at E, the diameter of the 
higheſt part, SER, being much greater than that of the reſt, and 
filled with mercury from D to SR, and above that vacuous. Upon 
the ſurface of the mercury in the recurved leg, there is an iron 
ball in equilibrio with another H, by a ſtring paſling over a 
pully P. As the ball at D riſes and falls with the mercury, the 
ſtring turns the pully, and an index IN fixed to it, which points 

. N | to 
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FIG. LIII. 


FIG. LIV. 


FIG. LV. 


or BAROMETERS. 


to different parts of a graduated circle. It is clear, that W 
creaſing the diameter of the circle; this contrivance will ſhew the 
minuteſt variations of the air, provided the friction be inconſi- 
derable, which is ſeldom true. 4. The pendent barometer is com- 
poſed of a tube of a very ſmall bore, a little conical or tapering, cloſed 
at the ſmaller orifice, A, and filled with prepared mercury from A 
to B, whoſe diſtance is equal to the greateſt altitude, or about 31 
inches. Let the tube be ſuſpended vertically, and the mercury Will 


ſubſide, and be quieſcent in that part, whoſe length is equal 


to the ſtandard altitude at that time; and ſuppoſing that to be the 
leaſt, it will occupy a ſpace FE equal to 28 inches; and conſe- 
quently AF is the ſcale of variation. If AE = 60 inches, then 
AP= za, when in the common barometer it is only 3 inches, 
The diameter of this barometer tube is very ſmall, and conſequently 
the attraction of coheſion confiderable, which prevents the freedom 
of motion neceſſary to aſcertain minute variations of the air's preſ:. 
ſure. 5. In the horizontal reBtangular barometer, the higheſt part of 

the tube, oppoſite to the ſcale of variation, is wider than the relt of 
the tube; and the mercury, deſcending 3 inches from A to D, will 
deſcribe a much longer ſpace in the horizontal leg PG, theſe ſpaces 
being to each other inverſely as the ſquares of the diameters of the 
tubes, and, that of FG being very ſmall, its motion will be extremely 
ſenſible. But the free motion of the mercury in FG is impeded 
by friction, and the attraction of coheſion, which from the ſmallneſs 
of the tube is conſiderable; and beſides this, globules of mercury 


are apt to be ſeparated from M, and flow out at G. By the above, 


and other expedients, as uſing water, or water and mercury, the 


ſcale of variation is enlarged; but the common barometer is the 


beſt, being ſubject to the feweſt inconveniences. In the conſtruc- 
tion and uſe of it, the following particulars are to be obſerved: 
1. The diameter of the tube ſhould be id or th of an inch, to 
prevent the effects of the attraction of cohefion.; the length of 
the tube 33 or 34 inches with a bulb upon the top, into which 
the air may be diffuſed, ſhould : any remain in the mercury. 2. The 
diameter of the ciſtern containing the mercury, ſhould be large 
| (at 
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(at leaſt ten times greater than that of the tube) that the addition 


or ſubtraction of the mercury, contained between the greateſt and 
leaſt altitudes, may not ſenſibly affect its depth ;. for the numbers, 
marked upon the ſide of the tube, ſhew their diſtance from a 
fixed point, and cannot ſhew the-height of the column above the 
mercury in the ciſtern, unleſs its ſurface coincide with this point, 
and be immoveable. 3. The mercury ſhould be free from any mix- 
ture of other metals, and purged of air by being boiled in a glazed 
earthen veſſel, cloſely covered, and poured, when. hot, through a 


glaſs funnel, with a long capillary, into the. barometer tube 


waſhed with a rectified ſpirit, and cleaned with a piſton of ſhammy 
leather, if both ends were not hermetically ſealed when it was 


made, and heated and rendered electrical by rubbing. 4. Unleſs 


the temperature of the air remain the ſame, the dimenſions of a 
given quantity of mercury will be variable; and the altitude of the 


mercury is an uncertain meaſure of the weight of the atmoſphere, 


becauſe it is dilated by heat, and contracted by cold, when per- 
haps the weight of the atmoſphere is unaltered. If very great 
exactneſs be therefore required, the. difference of temperature, at 
the different times of obſervation, and the depreſſion or elevation 
of the mercury produced by it, muſt be aſcertaihed, before the 
height of the column, —— br. he the "_— ve the Pan 
can be diſcovered. 
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CHAP. X. 


ELASTICITY OF FLUIDS® 


167. Prov. Jr is elaftic fluid Fa "og and 5 of particles; 
equally repulſive at equal d. diftances, and, at unequal di- 
Pances, repelling each other according to up law of the di . its 


denſity will be uniform. 


' Dew. If the diſtances of any two penis, from an interme- 
diate particle, be unequal, their repulſive forces muſt be unequal. 


and motion enſue, which is contrary to the hypotheſis; and. con- 


FIG. LVI. 


ſequently the fluid muſt be uniformly denſe. Q. E. D. 


168. Cor. If any * of an elaſtic fluid be REY denſe, 
and equally comprelſed on all 325 it muſt be quieſcent, 


169. PRO. If the component particles of an 3 cubical maſs 
of a fluid, repel each other with forces varying according to any inverſe, 
or direct, leſs than the direct duplicate, ratio of their diflances, the 8 | 
will be elaſtic. 


DEM. The whole repulfive force of any ſurface of the fluid, 
DE, is as the number of particles in DE and force of each, or as 
the number in DC, multiplied into the number in DG, multiplied 
into the force of each particle; or, ſubſtituting R for the whole 


repulſive force of the ſurface DE, I for the diſtance of two conti- 


guous 0 8 F for hs force with 2 they repel each other; 
Ke will 


Muſſc. Art. 2163. Newt. Princ. Vol. II. Sect. V. Helſham, Lect. XV. Philoſ. 
Britan, Cotes, Lect. XIV. Cyclop, Art. Air, 


ELASTICITY: OF. FLUIDS. 


R will vary as E. If therefore F vary in any inverſe, or any . 
rect, leſs than the direct duplicate, ratio of 7, R will vary in ſome 


inverſe ratio of T, an end will by cs. . D. 


* ö R 13 
x 2 


- - 


I 170. PROP. 11 * . of an faule fluid * ah other with 


forces, that are equal at equal diſtances, and, at unequal: diftances, vary 


inverſely as the nin power of the diſtance; and the compreſſing force (C) 


upon any ſurface DE, be equal ta its whole force F repuljion ; Cc will 


vary as that you E7 the r ha ao E is — 22 2, 


W 


1 


Let D be the deniity of the fluid; T the diſtance, of any b 
Ls cr particles; and D varies as che magnitude inverſely, or 


as 5 Dar or, fince D varies * che number rer 


given, as 75 = and 5 is as _ But the whole mie force of the 


ſurface, DE, varies as 70 or as EW? as C, from the bypotheßs, 


WET | FFT 
and C* is as 5, or as D, and D as C. QE. D. 


2s 
: et 7 


177. Cor: 1. If * " be as C, the repull ve foree of ae pit. 


ele, or  F, varies as 55 . for the quantity of matter being given, D 


1 


"+2 
is a8 56 On- or as 2 1 , and D is as Frs but F varies as C divided 
8 


by the number of particles in DE, or as ©x FS or as D 12, 
7 i 99435 
2 | 
or = or 7. 7 wy . 3 eee VEE 


172, Cor. 
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172. Cor. 2. If the elaſtic fluid be air, the force of compreſſion 


3 {1 


is as the denſity (20), and conſequently = : = and u 7 = 1; 


or F the fic of each particle, is as 3, or inverſely 48 the ES: 


22193. Cor. 3. The be of the 1 air 9 as the ED BY 
; fink, and that perpetually decreaſing i in aſcending the atmoſphere, 
the denſity and —_ of the ar alſo perpetually ene | 


SCHOLIUM. 


174. The ſpecific gravity of water being 850 times greater than 
that of air (9), and the ſpecific gravity of mercury 14 times 


greater than that of water; the ſpecific gravity of mercury is 


I 19co times greater than that of air. If therefore the atmoſphere 


were of the ſame denſity with air at the earth's ſurface and homo- 


geneal, and the height of the mercury in the barometer, at the 


ſurface of the earth, were 30 inches, this would be equivalent to 
a column of air, whoſe height was 11900 x 3o, or 3 $7000 inches, 


or 5.6 miles nearly. In this ſuppoſition, the mercury in a baro- 
meter would deſcend th of an inch; in an aſcent, from the earth's 
ſurface, of 99.1 feet nearly; and the height of any place of obſer- 


vation might be eaſily diſcovered. But the atmoſphere is not ho- 
mogeneal, and the concluſions, derived from this ſuppoſition, 


deviate from fact, even in ſmall altitudes, as appears from the 


following obſervations, made by Dr. Nettleton. 


Perpendicular altitudes, been ſtation. Highet ſtation, Dif. for sth. 
Town of Hallifax 102 29.78 29.66 - 0.12 85 


K 140 29.48 29.32 89 
Another ditto 236 29.50 29.23 . 27 87 
A ſmall hill „ 29.45 9 


Hallifax hill 50 30.00 29.45 o. 55 «9g 
N 175. PROP. 


ELASTICITY or FLUIDS. 


175. PROP. The altitude of mercury in a barometer being equal to 
b. to find the altitude of an homogeneal atmoſphere (H) whoſe compreſſing 
force 1s the Jame with that of the natural atmoſphere, and denſi ty equal 
to 17 85 of the air' OTE incumbent N one Wy in = Fe | 


20s cap be the ſpeck 3 of LIP 5 3 i 


upon the mercury in . han and. nn A LE 2 m 1 . and 
He 2. QE. I. C2335 22 171 : 181 


21 is a given quantity; for the 


70. cor. If n be conſtant; == _ 
ſpecific gravity of air, or 4, is as its denſity, or as the height of the 


mercury, and conſequently - does not vary, and 


the ſame, or the height, H, of this homogeneal atmoſphere i is in- 
variable, whatever be the height of the mercury in the barometer. 


* 

i. : a W 
1 11 * 1 
4 193.9 7 


177. PROP. Suppoſing the force of gravity 70 be conſtant, and ver- 1 
tical diſtances from the earth's ſurface be taken in arithmetic progreſſion, | 


be RY 5 the air, I i be in 1 


| DBE M. Let 5 bs th. center, and 4 ns 3 of the a and 

AZ a cylindrical column of air, perperidicularly incumbent upon A. 
divided into equal cylindrical columns, each of whoſe magnitudes 
is equal to , and whoſe altitudes AB, BC, CD, &c. are equal and 
ſo ſmall, that the denſity of each is uniform, and reſpectively equal 
to a, b, c, &c. and their weights therefore reſpectively equal to 
axm, h x n, cx n, &c. Since the denſity is as. the force of com- 
preſſion, or weight perpendicularly incumbent, a : b :: bm + cm, 
ccc. e dm, &c, or 4: b::6b:c::c:d,&c, Q. E. D. 


rot Cor. 
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| ELASTICITY'o0e FEUFDS. | 
178. Cor. 1. Since the elevations above the earth's ſurface, IB, 
AC, AD, &c. are in arithmetic progreſſion, and the denſities, at 
thoſe elevations, in geometric: progreſſion, decreaſing ; the loga- 
rithm of the denſity: will be inverſely as:-the: elevation. Let the 


denſities at any known altitudes AP, "12, be p and g, and log. of 
5: log. of :: 42: AP. But the altitudes of the mercury in the 


barometer are as the denſities of the air at the places of obſerva- 
tion, and conſequently in geometric proportion, and their loga- 


rithms as the elevations. above the ſurface of . earth inverſely. 


179. Cor. 2. If the ſtandard altitude be ede 404 85 feet 
the vertical elevation requiſite to make the mercury deſcend th 
of an inch, the elevation which will make it deſcend }, or 1 other 


paart, of an inch, may be found by this analogy: log. of 799 : log. 


of 8955 22 8 82 n which will ache it deſcend +5 of an inch. 


And, whatever be the deſcent of mercury, the elevation neceſſary 
to Produce it, 1s diſcovered "ey a ſimilar een 


180. PRO. If e kennen AB, CD, EF, &c. be drawn from 


fen, points of any vertical line, AX, proportional to the denſities of 


the air at thoſe points, and the force of gravity be conſtant, the line paſſing 
through their extremities B, D, F, &c. is a logarithmic curve, whoſe 


ee is AX. 


ville 


1 Da For if e A c, 4 E, _ fo the earth's 1 
be taken in arithmetic progreſſion, the ordinates 4 B, C D, E E, 
&c, repreſenting the denſities, will be in geometric progreſſion, 


(177), a property - pg to the IE curve. Q. E. D. 


1 187. cor. I. -1f A * bs divided into infinitely ſmall ad parts, 
A, In, &c. and ordinates be drawn, proportional to the denſities, 


EUASTITIO fr. FLUIDS: + - 2 i 


at the points of diviſion ; the whole preſſure upon A is equal to 
AB AISLE Im*11'' ee. or tö the white arena above 2, Or to 
AB x the ſubtangent 4T. But the preſſure upon 4 1 1 qual Lo 
the weight of a homogeneal atmoſphere: be, while dent 

altitude H (175), or ABx H; and conſequently H is — 4 5 = 
ſubtangent at A. 33 ige G eee 13483 2g Og 
ef 28 95 1 Colo ttreftiinge? Zilockisq ett ach non roomg too 
- 22x88, Cor. 2. Thewertleal diſtance [EW Whats logatithm"of 
the ratio of AB to EF, or as the logarithm of the ratis of the 
heights of the mercury in the wang at A and E. And hence 
the denſity; of the air, at Dy. giyen Al ude, AP, may he found; 
for the ſubtangent, or H: 43429448 (the modulus of igg's 
nn 15-2 Pk 23 of iv 7 


_— 


85 11 So Vo Hu er ED _ ane of 


- > ©: £78 
4 


18 4. This curve, . the relation ween the denſity 
of the air at any given point, and elevation of that point is called 


omen. . 2 s bi A 0 ) 8 
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-< Fane, Suppoſe che fires of gravity (F) te vary inverſely a: 710. LIX. 
that 42 Po the dl 25 from the 4 22 , Bi . — 
rs n, to find the een of denſity at different b 


71 IF) 28 * l vn ¹,, 71 * > —9 282 
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« : RY AL es e BB, » 1 "* £ 4 * 
en > 105 3 $972 1 


R 26422 
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Let S be tl center of the carth; UR itsfubface; SPS LCS the 
force of com preſſion, F=the ſpecific gravity of air, D==its denſity; 


: and & ĩs as Fx D, and — C, being as x, is as F. Pra or as DS oe 


63 A tknon! 16310, Paid: g, LOB 4” Iv, 11 D 071 


Let Cyary as bf and —Covill fe 8. N Dy which 
oh, ESI 15 42 
Herefors at be a DE and — I, =; WOT ER, | $- en 
ung the fans, pug 07 is as gn Q. I. 
RE | O 185. Cor. 


r p e e eb = OO EE ER 


ELASTICTT: ot FIL os. 
f oe of Qt FOLLY: 11>. 3th 34310 . I. YI 
18s; or. ET INN il be 8. S;, 


QI * M. 3 ; ty} 5 Fan 
and the hyperbolic logarithm of PD. as 7 * —. 1 If-th therefore 
H +2 36: 5$ 3 3; Ed $3714 00:53 57g 210% on 35495 F ary" W 44 Acad 


= be taken in arithmetic progreſſion, or its reciprocal & in 


muſical progreſſion, the hyperbolic logarithm of D will be as this 
"progrethon, and: conſ; Fenty: D will decreale! 1 in geomstric pro- 


% J f Et SHY T0 the 11:o5ol 1 Teh. ENS NESS IS 8 * 1185 97 

A — TJ #40. 

is 1566. cor. 2. If, i in the ame eypotcis:| =o, ET. conan 
110111 J&L 


2 54 will be as and if x be taken in.prichimetic prigreſlign;:6 or * 


be conſtant; — 5 D will be . 550 D therefore decreaſes 


5174 


in e eren. V 135 


— ne See 


— — 43 3 24 6. N 4 145. 742 - > 5 $3 £3 11 11 © 11; 


187. Cor. 3. 17 in | the _ fppotiton e of is ”, _y eat 
as the diſtance inverſely; — D will be as © , and if æ be taken | in 
roten jo  progre 'on, D w GT bez in bee re 5 


FN \ Eng \ a TI 


188. cor. 4. If Py vary 5 inverſely as th cquar 9 x, - 0 bs 
at D 5 * then D wall r as = 5 8 2 repel 5 vi ——— 


5 Ul 3 2 
* 771189. © * 2 as ; 11s 3 SS 2 — 0: I * . 45 1 1 4 
EEE 1 0 1 i " F s ; 
"T4 » - * _ N — , * * 4 0 «# ws * 1 1 o_ * ; pt 2 ; Fa. * 1 * 
q p F ; b * 1 * * * : 4 


5 189. Sorg, If Prary as 4. hint A third proportional, 5L, to 


SP and SA be taken, wherever the point 2 be, and 3 AB, 


LM, be drawn. g oportio al to the denſities at A and P; the line 
: paſſing. thr Sag BM i 15 che les curve: Sinc "gp; | NA: 2 


38 33 bd 4) nn! 110907 34 1 115144 7 
SA I; * varies as S A is given the flanion f the 
109 2: area 


— 


atea BL, that En is gi to et dh ind "varies as N 8 
| or 99,—D bree * 18 45 (Cor; e 


fluents, the whole * of compreſſion, or C is as the ſum of the 


areas Lm; that is, the ordinate ZM, being as the denſity, or as. C, 
varies as the area below it, and BAM is the ſame logarithmic, curve 
with that in bug) hut i inverted. ” For in that prop: AB was the 
denſity of air at the earth $ ſurface, and B and LAM. being as the 
denſity at the ſame point P, muſt be e each "—_— and tlie 


| cure Sonſeguently Ar 211 1 10 BA A Sint! 211. WIS 3 „„ 


12— — 4 1 1 198 
. 44 O77 $408: 5.4 g 94 I To t LON 4 
* 4 8 F % 


+ £% NN 1; n 


13 2 Cat 6. The force Mrying 6 10 55 1. 1 be the Wee 5 
of the ratio of the denftty ut & and 77 or the: logarithiti-6P the 


ratio of the altitudes of the mercury in a barometer at 4 gd E. 


7 


9 - 
T * 
1 1 . 1 


191. PROP. If the hightf 1 and AQ, be very PI G. Lx. 


fall, compared with the , of the A SA, and the force 


of gravity vary A as the ſquare of the ' Gfance '(x) from the 
earth's center, the | difference of, the elevations, or P bY fs 85 the 2 | 


garithm of the. denfities al air ar P a 30 . hortow. "oli 


| reh SP: 84% 2; 64 8 55 d KEE $4: 97. 85 7 280 8080 
ee SP: e 16% and S P: Sg. : PN. pg. But 
a 


when AP is very ſmall compared with $4, 85 = $4 = Sq, and 
PA =p4 the —4 of the ratio of the denſities of che air at 
Fl ano: IN | 5 Nl 1 Dalat 3177 1011 27 2317 £92 

17 BE 1 60 SE oc dit t 


2820 n 301 1 2 12 "34. #4. 565% 55 n 9 11 {a AC 115 1755 
192. Cor. I. If the Ait of m 5 oY 2 yy Ar meter Py 
ſmall elevations, ahgys.. the 6 RS . K 17 be 
Fair 


and be; ſuppoſed, proportional 0 the ol 
places, and I be the modulus of 15 5 1 em o Tod 


O 2 43429448193 


_ ELASTICITY/or! FLUIDS: | 
434294431950 and, H the, ſubtangent,, of the atmoſpheric logiſtic, 


w 4 <4 ic * 


then Þg= log. of 25 * M nearly. If 4 were four miles, Pg 


; « —— 
LE. - 


would not be one part in coo greater than 59. In great eleva- 
tions 8 be: firſt difcorered, and then PA.may be n.. 


* ev =. 4 _ > A „ 7 2 "4; ; * 
BE” 277 401, 1 bat Es 24113 1 4 112 1. 8 119 A $i ® j 5p 4 N 


935 Stig iog2ol: grit 5 bag polzd Bets ach 25 iv 
- 293+ Cor. 2. When # and. gare abſerved. af any known, cler 
tions above the earth's. furface, AP and, 4 & the length of the 


ſubtangent of the atmoſpheric logiſtic will, be, known, being equal 
to — — into 5 7. or into PS if the elevation be fradll. 
log. of j 
This ſubtangent 19 proved from e aud from quay it 
ought,, to be 5-2-4 th for i it is Fo MN Tg” © (175); and, 1 10 
ien oO bat 


e egen LIUM %%% 


194. x therefore the force of gravity be ont" or vary 1 
| verſely as the ſquare of the diſtance from the earth's center, and 


the elevation A P be ſmall; AP = 15 * log. 6 e 
is conſiderable, .and the force variable as above, . it, is equal to. 057 


* « log. of 5 * = But theſe, rules require carreftion becauſe they 


ſuppoſe the denſity of the ain ta vary as the force of. compreſſion; 
which is not true unleſs the temperature be the ſame ; and at dif- 
ferent elevations, the temperature is found to be very different at 
the ſame time. In aſcending the Condelleras of Peru, the tempera- 
ture of the air was obſerved to vary, through all degrees between 
the hotteſt ſummer and coldeſt winter; and the ſpecific ey of 


© UADTICHTY or /FLUSDS 


de (differerit at cody Wiifordit elevation; kuh The une wdght may 


confequently have Uifferent lengths) amd üifferent weights ch fame 
length, in a barometer tube. Accordiig te Fatler Fedillec#'ob- 
ſervations upon the Pic of Teneriffe, the altitude of mercury in 
the harometer, at the bottom of the mountain, Vas 2 10 lin. 
and. at. the top, or 231 58 1 Paris fer 1 the farfa vr the fea, 


as 1 lin., or 2 in. 2lin 

ay 75 ain con nee Raye 4 5 0 ac 

5 ost a A 975755 of temperat ature, at t Pictte EIN SE 5 105 
the weight of the mercury, in a barometer 1275 0 its as elle Aiituck 
of the Slain ſuſpended: 7 ptild into be Perle gravity, 'and 
the latter being variable, the height alone is not, though aſſumed 
to be,” a true meaſure. of the. preſſure of the, armoſphere. And 
beſides; the: abſolute. force of elaſtici 
which two particles, at equal diſtances, rept Fact other, . en- 
creafed by heat and diminiſhed by cold; and when therefore] im 
two ſtations, the denſity of the air is the ſame, and the fem 
rature and conſequently elaſticity different, the columns of mers 
cury ſupported at theſe ſtations will be different and cannot occupy 
the ſame parts of the tybe, but att wege different altitudes, and 

ea 


nk, this vice # cannot meaſure the altitude truly. 
| 3251 7 Abt Ares * 28 . {it et} 12.7 7 27115 x 


riſes 


I Rte B70 tit +44 Ic v3; Tt 2 
| 1905 W . any ts Fs tube, perfei@thio | 
he occupied with air before inverfion; fte | tbe mercury will 
ſubſide below the flandard altitude, and the andard altitude will 'be fa 
the defect from it as the ſpace occupied by the air wm 1 fo the 
ſpace Ws o 1 5 3 
JON e Þdp 


Let LM be the ſtangaxg altitude, of the den os * 


the ſpaces occupied by: ain beforg and after inverli 
city, of air (E) before its, expanlign.,is equiyalent to; 5 50 weight 


a column of mercurp nhoſę altitude is Hd, and. its, Ak fs | 
a ed AR (0.9 papinalens. tg 3 


ty 96019797; therforee with | 


"m0 


9 Ys Tn Ar de by ihe 


A : FIG. LxI. 
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110 | | ELASTICITY or FLUID 8. | 
weight of a column whoſe height is LC, becauſe the mercury is 
depreſſed by this force from L to C; ab: E: e: 4 M: LC 
34: AB 3 (30). QED. 7 5 ;ol 


1 28 2 1 „ 


E 196, Cor. 1. Let the ſtandard altitude LM= = a, the defect 
from it or LC= d, the height of the included air or AB = 6; 
the difference between the length of the tube and the ſtandard al- 
titude or AL =1; and 3: 4.23 +0 Id: 5. In the third term 3; 
this analogy, the ſign of li is + or — according as the length'o 
the tube, or AM, is ee or leſs hai the ſtandard altitude ＋ 
of 197. Cor. 2. Sins" a: 41 22 21 5. ir f any res of theſe four 
quantities be known, the other may | be found for axb = dic al, 
and = ULAR — 2 and ==/ 
Tz EF: 7-5 2 15054 Bi 
— P 2:35 ( 2 HSE IS | | 


3701153 oa CESS C4 


$CHOLIUM. 


198. "Sinks the tubes are ſuppoſed to be perfectly cylindrical, 
the quantity of air included before inverſion, the ſtandard weight 
of mercury, and defect from it, are as the lengths occupied by 
them, or N of en te e the W hi of hw _ is 


- „ 
hag BN. 0 
\ 1 * 2 3 


AIR PUMP. 
FIG. IX. 199. The: air pump is: conſtructed in the following manner: 
Two cylindrical tubes, or barrels, of braſs,' with valves at their 
bottoms opening upwards, are firmly retaĩned in a ſituation per- 


pendicular to the table EH. by the ſcrews OO, at the top of 


Re: — columns VN. preſſing. upon the tranſrerſe beam FT: a 
| an 


- 
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and communicating with i 2 Mae, table at D, and with; a. 


receiver LM, fixed upon à braſs plate ſmeared with, waz; or co- 
vered with wet ſheepſkin, by means of a canal or tube, one end 
of which opens into the cavity at D, and the other into the re- 
ceiver at K. Each barrel has a'piſton ĩn it exactly adapted to its 
cavity, that air cannot paſs between it and the ſides of the barrel; 
and each piſton has a valve in it opening. upwards, and is con- 
nected to a rack CC, and raiſed or. depreſſed by winch or handle 
B, fixed to the axis of a cog- wheel, "toſs teeth catch the teeth of 
the rack; and one piſton being raiſed and the other depreſſed by 
the ſame turn of B, the weight of the atmoſphere, preſſing upon 
the riſing piſton, is counterbalanced by the ſame weight, preſſing 
upon the other piſton deſcending, There 4s a ſcrew at V. which 
cloſes the orifice of a pipe terminating at K, to admit air, when 


required. - * — = - * of * —— „ 1 
* P 4 * » . ® 4 ; x « 14 * * * \ 8 +» . p * 4 % * a s ry * f 9 7 
by * * 2 . Py * „ 40 \ * * 0 5 2 * o = 8 & 4 + A 4 * 4 


200. S When either of the pain is E upwards, 4 2 
vacuum is left behind it; and all preſſure being thus removed 
from the valve in the bottom of the barrel, it will be opened by 


the elaſticity of the air in the receiver, and the air will be uni- 


formly diffuſed through the receiver, canal from Kto. D and barrel. 
Upon depreſſing the piſton, the valve in the bottom of the veſſel 
will be cloſed, and that in the piſton opened, through which all 
the air in the barrel will be diſcharged; and thus,” by every turn 


of the winch, a quantity of air equal to the content of the barrel, 


and equally denſe with that 1 in the wann is exhauſted. 


201. PROP. If R be equal to the content of the receiver and canal 
D, B the content of the barrel, the quantity of air before 28 turn 0 
4 is to the e . & __ as * + B: B. | 


a 


DEM. Let L be the quantity of air in R before any Anke 1 
the quantity exhauſted by 1 it; and ſince, the piſton being raiſed, the 
1 | air 


111 


— 


AIR PUMP, 
air is uniformly diffuſed through Rand B, and that in B extracted 
by che ſtroke 22 cor. * L: 11 _— B. . _ 700 


85 3 5 05 | 50 py 10 ir 
202. 2 1. 0 L. M N, bee. be the quantities of air before 
any ſucceflive ſtrokes ; 5 u, u, &c, the quantities exhauſted by 


each ſtroke; and L: I:: R: BM: :: NIN &c, and, 


by diviſion of — eager L- 3: 2 M (Ni: M 


2 N— (O), &c. or L: N:: 1 N N U. Ke. : therefore L, 
M. N, &c. are in dectreaſing geometric progreſſion, whoſe.common 
ratio is that of R＋ B: R. If RS 2 B, then RB: R:: 3:2, 
and M= L, NS M. &c. and the Nu of air are equal 
to L, L. . 5 cee. 1 T2. TP (1204507 [776 J: 11 20 ＋ 8 


— * N 2 * * * _ 
2 — = » 1 - * 1 P . * 11 8 4 - * - — 
3 : * 24 SS. 0 * y +7 14 } 1 o , | U 
4 * * * * 8 5 N 144 3 . - 8 3 s \ — 4 = ww 4 


203. Cor. 2. Since L: M:: I: n, M: N:: m: n, wid : 
&c.; I, m, u, &c. are in decreafing geometric progreſſion, whoſe 
common ratio is that of R B: R. If, as in the laſt cor, R B 

Rr: 3 2, then n= n= zn, Ke. and, the quantities of, air 
guten 1 * g wil Abe are f 4% Kc. „„ 


95 242 
{ 14 


e * - 4 ; ITET 


204. Cor. 9 ft R be to B in any finite ratio, as 3: 2, the re- 


ceiver can never be perfectly exhauſted by any finite number of 


turns; for, let 2 number of turns be 2 and Rt the laſt remainder, 
and = L 7 5605). fuppoking L to be the quantity of air in 


1 


= 
the receiver at SY Jed this quantity L * 2. 18 finite, 7 OR u is 


nit 


\ 
A\, 


20 0 5. Dh. T "A ml lieb 670 to PR” BD th of the 
receiver, conſiſts of a tube divided by a ſcale anne: d 70 it, of inches, and 
Jractional parts of an inch, whoſe higher orifice communicates with, the 


receiver, and lower ts immerſed into a art of mercury below the ra- 
. EF G * ; 


* 


206. Cor. 


| A VR; RUMP. 

406. Cor. 1. Befote any exhauſtion, has, taken, plane, aths Mer- 
cury in the tube and ciſtern is ugon the ſame level; and, after any 
number of turns of the pump, the air in cht Fectver and tabs bs 
equally rareficd, and tha mercury will aſcend in tree tybe;. till the 


ht of the column above the ſurface of the mercury in the ciſ- 
tern, ant the claſticity of the air in the receiver, taken together; be 
equivalent to the weight of the atmoſphere ; and when the alti- 
code of the oom is equal to the Randard atitude, ce vas eum 
in the receiver, and that dae the mercury in the barometer, are 


— G40 52 10 Yoko * U. gol bna 


8 412 — 6.44 485 gk 
714 

a , 0 

* 98 * ö 

— M „ 


207. Cor. 2. The elaſticity of the air in the receiver, being 


equivalent. to, and meaſùred by, t ge of. a column, of mer- 


cury, whoſe length is the difference between the flandard altitude 


and that of the cblumn 3 the: gage-wube an _ 


_elafticity being as 1 Nee 5 — R is given, as the quant 

of air contained in the PFs s from the Randard altitude, aki 
any number of ſoceſſide ſtrokes of the pump, wil be as the 
quantities of air remaining and eanſequenely m in 
geometric progreſſion, whole ratio is that. af R * EE nib 


\ 
C7 _ 7 o * 
d 10.4 : QC) 702 £4 8 - 
* * * — 


208. Cor. 3. Since the quantity of air in R, * any exhauſ- 
tion, is as the ſtandard altitude, and the elaſticity of the air re- 
mainingr after r, 2, 3, &c. ſtrokess i is as the defect af: the column 
raiſed from the: ſtandard altitude; the laſticity, or quantity, of 


the air exhauſted by each ſtroke, is as the aſcent of the mercury 


produced by it, and conſequentiy theſe afcents are in W 
N hefe t ratio Is that of R + B. | | 


8 Prop. 1 5 the 0 * the ritviver, and TRE D, 5 to 
that of the pump barrel asr: b, the air will be rarefied f F times 80 a 


| " lap. of f 
nun of turns of the pump ail 0 1 5 


> pi "wh. P | Let 


—— 


tities of air after o, 2, n turns. 


ATR PUMP. 


"Let a be the quantity of air in oe receiver before any exhauſtion, „ 
272 2 

2 the number of turns, and N = = are the quan- 

Therefore the denſity of air, 


28924 74141 


when rarefied Ht times, is to the denſity; in its natural ſtate as = 


+ 
| + Df 
205 r 1 22 1 fr ſhows: the ſuppobtions and f >, 
andlog, of f Def. cr Ff 


log. off 
OY \ 6-7 * 7; 
„„ TO <5 
CC 11,3 i 


of / 
log. 2 


210. Cor. I. Let r=b= I, and a = and, 1 


or. 1, 2, I 4. Kc. the value of v, or number of turns correſpond- 


ing to each, will be given. And from the value of a = 9 


the following table is conſtructed; which 'exhibits the number'of 
turnsand correſponding rarity of air in the receiver. 


Rarity. No. of Turns. Rarity, - No. of Torns... Rarity. | 88 Na ef Tana. 
eas d co 50 5 · 9 - 900 9.814 
; CRIVE : 4 64 6. N 1000 9.966 
neue 1.585. 70 Cas. 1024 10. 
54 2. 80 6.322 2000 10.966 
l 2.222 go. 6.492 2048 11. 
„ 42.685 100 6.444 3000 11.551 
© Fs. 2.807 . 120 2: 290 „„ 4000 11.966 
= 8 60 3. 8 200 7.644 4096 12. 
9 3-170 2560 B. 5080 12.288 
10 3.322 300 8.229 6000 12.551 
16 (4. 400 8.644 2 13773 
20 4.322 500 8.966 8000 12.966 
30 4.907 Faa g 21 96 6, nage Ys | 
342 5. boo 9.229 9000 13.136 
40 6322 700 9.451 1000 13.288 
50 5-644 oo 9.644 8 14. 


211. Cor. 


| | Al R FP UM p. 

211. Cor, 2.-If che ratio of r to be unequal, the number. of 
turns, by which the receiver will be exhauſted F times, is faund 

by the general value 6 bf 1 or og; 7255 — 215 8 72 308 9 

r= b=r, and conſequently the number of thats to be thank 

1 . » and, finding 2 A | multiplier for th th is s nutiber, when r and = ate 


unequal, and the rarefaction continues to be the ſame as when 
| x 198-f 


they were equal. Let this number be m, and therefore m x 


Emperors; ns i 


25 eee — 
2 2 log. 75 log. r p nm = r+6=— log. rt 1 E this 


equation the following table i is conſtructed, ſnewing the value of 
log, 100 2.0000 


„fee 11 and log. 2 © 0.30103 . 
were, and m = „ id 
? ": (log-18 e © 00413987.” Sf! #7 „ Fra 

. 100 5 1 JL. 
8 2.86 644% 7-273 = make tuns. 
er 7 1 I Capacity of n * City ar 4 12 vel h; 
the receiver. Multiplier. the receiver. — the Sever. * ere 
$i. 7. *O0& 20 14.207 300 208.291 
OG 1.710 30 21.1399 400 277.656 
+ 3 Yds 2.409 e S 1 40 238.071 „ Sax: 346920 
ö 1 50 35.0 600 476483 55 
1 3.82 5 ve: 441.34 790 i, 4B5i54g0 
6 4-497 70 48.866 + 809. 554.864 
. e e „% de b 70 
„ B. 3.885 90 582.7290 1000 's 693:694. 
9 6.579 100 hg. 661 5 ir, 
+ Io 12% 20 138.976 15 5 5 S * 5 


2 


: J * 
4 - 2 ; . ko N 1 
; 2 471 „ UDP ES wo AN > 08 - nt 
A + 


SP 2 
7 4% 


2 12. Proe. If the were of di ferent FIN by which tbe i air rs 
reduced to a given degree of ruręfaction (f), be the Janes the tige +, 79 
FL ples: when the altitude of the pump is leaft, ; — 


4404 P2 „ Fn h For 


415 


AIR PUMP. 


Fo Ts equal to the time of one ſtroke of the pump; mutti- 


| aue of: ſtrokes; but the time of one ſtroke va- 
| ries, 28. the length. of the Pamp, or as B (ſuppoſing B its capa- 


—ä—— — 


city) and conſequently T 1 varies as 158. K K 2 og: R. which, if 


R 75 equal to 1 BA 1 length af the pump, 


log. fx 75 OI BICITSAVS BE 21D} gp ies gf 4011 
aid Tisa ay 108. I $644 or, / _ 1 81 a8 og. He 5 NT 


ot * 
43344 


B r 3” REL A” RT 


en encreaſes” fiſter than hs denominator; from the_nature 
of log., ver ol T therefore i is leaſt t when B, or N e length; is leaſt. 


88 5 D. Funn e I Hohne: pn 


* « . 
\ 4 i Þ * „ x — ”. © 4 K* r 
8 1 — 6 | 5 — r 


1 scnOLTIUM. | 
| | 22 13. Inſtead of one hole in the bottom of the barrel, there a are 
ſeven of an hexagonal ſha PPE. e, and of an equal ſize, in tlie belt air 
pumps, contrived: by Mr. Smeaton; and 5 
ed by a kind of grating. To remedy the inconvenience, neceſſa- 
rily reſulting when the piſton is not exactly adapted tothe cavity 
of, che barrel, the top of the barxel is covered by a plate, having 
in the middle a callar of leather; through which the ſtem of the 


1 


piſton, being cyhndrical, paſſes.” For the gage, already deſcribed, 


a ball of glaſs is fubſtituted,-ref@mbling;a pear in 'thape, open at 
one end and hermetically ſealed at the other, and capable of cone 
taining alf a pound of mercury. This ball being filled with 
mercury, . and a bubble of air admitted into it before inverſion ; if 
the open end be immerſed in a veſſel of mercury, placed under the 
receiver, the mercury in the hulb will be ſupported, and deſcend, 

as the receiver 1s exhauſted, by the expanſion of the bulb of air 


above it, whoſe denſity 1s always equal to that of the air in the 
receiver; and this expanſion is meaſured by a ſcale annexed, and 


of the bulb. 


* * Phil, Tranſ, 47. 415. 


divided into parts of th of an 1 88 or r th xc of the capacity 


214. PROP. 


— 


” 


e valve is thus ſupport- 


r 


5 
* 
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A ER u F. 
214. FRV ries of a reep. . r be: guy p gugmentad by 
a 5 25 denſer . 2 75 8 * vey encreaſe in arithinthe 


grefflon. ae N 1 48 7 1 . 700% f. 5 Bo 


2029 Je ni ch 12k B- $3417? 


1" IN; * 
5 i 85 a Ty int. 
When the piſton ( wick 3 in the condenſer is without any va- 
cuity) is drawn upwictds/2vaduniwisleft behind it; and when at 
us higheſt clevation} air ds admitted: through: an aperture in the 
barrel, . zuit-below\the Piſton, and the barrel is filled with natutel 
air: and, by depre ling the piſton, his air is ienpelled theongh, 2 
N at the bottom, opening downwards, into the receiver; and 
tly the uantit of alr in the receiver is uniformly en- 
creaſed 4 75 a Ry 'of Hey! Its "_ Ms TOY ke ca- 


. of the pump Q. HB. 


a,4 44 „„ of } 
4156 . 


5 8 I : = 
2165 15. * 1. If R foi B be ihe” capacities of the receiver and 

Bard Gan y, the Quantities of alr in the receiver, or denſi- 
tees Arten d. 1 77 k'terms, Wil de as une R 23, 


| RE It BA ct a, D 0h od yer Fog Na * 


* 


Ps Cor. 2. If the open end of a tubes whoſe other MOR 
is hermetically ſealed, 'be plunged in a veſſel of mercury placed 
within a receiver, and the air in the receiver be condenſed, the 
mercury wall Alcend up the tube, by the encreaſe of preſſure upon 
the external ſurface, till the air above it be equally danſe with 
that in the receiver,. for then only the mercury will be quieſcent, 
and conſequently this denſity encreaſes in arithmetic progreſſion; 
| but the denſity. bein | inverſely as the ſpace occupied by a given. 
quantity, theiparts of tlie tube, =above the f mercury, are inverſely _ 


as a ſeries of terms in arithmetic progreſſion; and after o, 1, 2, 3. 


. - + - 2 ſtrokes of the piſton, the diſtances of the mercury, from 
1 * 608 1 


e . * » 


265: 3-0; 13, 


* t „ 
"(2 
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42441 2 2443 abi Ain ln » 


117 


. . is a ns * 


118 = ATR PUMP. 
FE since this is a property of numbers in muftcaf p pro- 


greſſion, theſe diſtances, after o, 1, 2, 3 1 ſtrobes, if mea- 
ſured, will "oa .a ſeries of numbers 1 in muſical progreſſion . 


„ ah 3 ile noftic £08 624% 

FIG. LxIII. 227. Paor - PD the denſity of — nir e te * 
veſſel AB DC, Sc. to be D, and its elaſtic force Es iu ind the arthecity of 

Mur, through a' ſmall aperture at O, intd'the event rallies, _ 

* e q and er are e FR D E. 5 N „ Win: 


' + * „ 
1 yy * 14.1 
* - * 


= F 


The whole force generating velocity is evidently _— to 55 
= 2 7 3. (becauſe the denſity is as 5 the elaftic force) D e x 


2 =, but this is as the quantity of motion generated i in a given 


time, or ſubſtituting 2 for the quantity c of air iſſuing thropgh. 0 
in this 3 as 2m, ot as Dx Va; and Fonkequently 7 i, as 


«+ 4% 


+ +4 b f 
＋ B- , and may be diſcovered, when e, D an d 4 are known. 
1 1. : ' i > - * | . 1 2 5 
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218. Cor. 1. If. the denſities D and . then 4 
=0, and E e. 5 Bek 8 41 
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219. Cor. 2. es: then e and. * 
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T3 64 The gage tube i 15, in this coollary; hi b la for, if it de inckbed to 
the horizon, the elaſticity of the air in the —— 13 equivalent to that in the tube above 


the mercury, together with the weight of a column of mercury, whoſe perpendicular alti- 
tude is equal to that of the mercury in the _ and conſequently the air in the tube and 
receiver cannot be equally denſe. 


AIR PUMP. 
226: Cor. 3. If 4 be greater than D, V becomes e or the 


8 E e the veſſel. ABD M.. 
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al. b Let T de $0 ke of Ad t ih fiirfice d& 
earth, and D be equal * 10 * d, then the whole expulſive force 
83 = ex D= I = 9 Ke, and is equivalebe. to the'weight of a 
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column of water pcs altitude is 32 9. (Tappoling - e to. 191 1175 
valent to 32 feet of water) = 286 x 8 57 e e pra 
and conſraneatly (31 3+ & Mech. 537) 8 x X4/ 24480; 24480 feet in 1 0 
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222. Fire engines, wind-guns, fountains, & c. derive their * 


cacy from the elaſticity of condenſed air. 1. The fire engine is 


compoſed of two barrels E and P, in each of which a piſton, 
without any vaeuity in it, is worked by means of a double lever, 
one piſton deſcending and the other aſcending at the ſame time: 
Theſe barrels are fixed in a veſſel of water, with which they com- 
municate by valves at M and K, opening into them, and they 
communicate with a ſtrong veſſel CC, by pipes terminated by 
valves at L and 7, opening into it. If either of the piſtons, as 
that in D, be raiſed, the water ruſhes out of the receiver through 
the valve at K, and the piſton in E, being depreſſed, forces the 
water through Tinto CC; and by repeated ſtrokes of the piſtons, 
the water in CC condenſes the air above it, whoſe elaſticity is at 
length ſufficient, by preſſing upon the ſurface of the water, to 
force it, in a continued ſtream, through a pipe POR. 2. In a 
wind-gun, Juſt behind the ball, which is placed at the bottom of 
the barrel, is a cavity, terminated at both ends, by valyes opening 


within it; and in the ſtock, or butt end of the piece, is a con- 


denſer or forcing ſyringe, by which air is forced into this cavity, 
and when it is ſufficiently condenſed by repeated ſtrokes of the 


5 the valve, next to the ball, is opened by drawing hack a 
trigger 


FIG. LXIV. 
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FIG. LXV. 


FIG. LXVI. 
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trigger eonnected with ãtꝰ The included ain being mutlrare 
elaſtic than air in its natuſtal. ſtate,” ruſhes through the valve; thus 


opened, and expels the ball with a velocity, that may be deter- 


mined by the preceding propoſitio 17 3. Artificigl fountains may 
be conftruted i in this manner: 43 C &Þ is is a ſtrong yeflel, nearly 
full of water; at the top M. a tube E O is Terewed in „aid made 


5 rad that” and at K is a ſtop-cock; which being dpeyed and a 


ſurface of the water, S R, is condenſed tits  elafticity be fuffictent, 
by prefling upon that furface; to force the water up tlie tube GE. 
The velocity wit fr which the fluid ſpouts- from E, maß be found, 
if the elaſticity of the included air, and weight of the column 
raiſed, be given. 4. The depth of the ſea 1 1s meaſurable, where a 
line cannot be uſed, by this property f air in the following man- 
ner: A is a ball of fir, or other light wood; R ig a bottow glaſs 
veſſel; whoſe capacity is preciſely known] its neck; C terminates in 
a ſmall arifice, and is bent do n/¶ards te prevent the'eſcapgof the 
included air, When immerſed in water. At. E is a ſpring. hook, 
which, if at liberty, would ſtand in the, poſitian e but is preſſed 
through a ſlit in the ſtem, and kept to the poſition E, by a weight | 
D., The inſtrument being ſuffered te deſeend in water, ant. the 


forcing f Felnche ſcrewed on, and 0 injected, the air above the 


preſſure of the water enereaſing. ĩt forces its way, into B and con 


denſes tha air contained in it; but hen it reaches the hottom, D 
firſt ſtrikes. the ground, and tht reſt of the apparatus proceeding 
with the motiqn agquirech ig diſengaged bpm the hogk,, and the 
apparatus riſes to the ſurface.” Iche depth ofthe deſcent is known 
hy the:dimenſions.of the air in: B; for aha denſity) of the air is as 
the force of compreſſiom and when the quantity is given, inverſaly 
as the ſpace occupied hydti and, this bemgidaſcovered;the force af 
compreſſion, compared with that of the atmoſphere, or. of. 32; feet 
of water, and couſequen ily- the. depth maybe faund. gj The phe- 
nomenziof:tha;divimgabelk am on plic aba froti the elaſticity of air, 
It conſiſts oh ailarge vrſſeli i reſomhling à hal in ſhapes: for loader 
with lead, as to fink When empty with: the mouth downwards, 


| * have machine is lowered into the . it will aſcend up the 


bell, 
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bell; nd .covtraft:the dimenſions of d-included air; but air i is 
fent down in ſcmaller bells, and received into the cavity of the 
larger, to expel the water which riſes as the preſſure or depth ens: 
creaſes, and to repteniſh- the air within the bell become foul by 


— whos r ene in the upper _—_— the bell. 
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U 5 to its direction upon the compaſs; and with 
to their direction all winds are included in the three following 
kinds: viz. general, blowing always nearly in the ſame directions; 
periodical, blowing nearly in certain directions, at certain periods 
of time; and variable, not obſerving the ſame direction, but blow- 
ing from every point of the compaſs, and not changing their 
directions at any ſtated times. Before the cauſes of theſe dif- 
ferent winds are attempted to he ex lained, it is neceſfary to know 
where they prevail; and thetcfore it is expedient to conceive the 
whole ocean to be divided into three parts: 1. The Atlantic or 
Ethiopic ſea, lying between America upon the weft, and Africa 
upon the eaſt. 2. The Indian ocean, lying between Africa upon 
the weſt, and the Indian iſlands and New Holland upon the eaſt. 
3. The Pacific ocean, lying between America upon the eaſt; and 
the Philippine e. bie Japan, an EY upon the 
welt of it, 

| 224. In 


® Miſcellanea Curioſa. Phil, Tran. No. 183. Robertſon! s Elements of Navigation, 


Book VI. Sect. VI. 


Q 


1 N 1 is a ſtream or e air, denominated eaſt, 
. weſt, north, ſouth, or by ſoms intermediate appella- 
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224. In the Atlantic iand Pacific ocean, between the north and 
ſouth latitudes of twenty-eight degrees nearly, a wind between the 
north and caſt; iblows always upon the north ſide, and more north- 
erly in places nearer to the northern himit; and one between the 
ſouth and eaſt, and more ſoutherly in places nearer to the ſouthern 
limit, blows always upon the ſouth ſide, of the equator; and un- 
der the equator the wind is generally due eaſt. Theſe winds, 
uſually called tropical, or general trade winds, are liable to a few 
exceptions, which are contained in the following obſervations, 
made by Dr. Halley. 1. In the Atlantic ocean, near the coaſt 
of Africa, the north-eaſt trade wind extends-only to within 10 deg. 
of the equator, and the ſouth-eaſt trade wind croſſes the line and 
extends to the latitude of 4. deg. north; and m the intermediate 
ſpace, or between 10 and 4 deg. nprth lat. there are calms and ir- 
regular ſqualls of wind from every point of the compaſs. 2. Upon 
approaching the coaſt of America, the north-eaſt winds become 
more eaſterly, are ſometimes caſt and eaſt by ſouth, but generally 
ta. the northward of the eaſt; and their ſtrangth generally de- 
creaſes to the weſtward. 3. Upon the American ſide of the At- 


lantie, the notth-eaſt trade minds extend to: 30, 31, or 32 deg. 


of latitade, and upon the African ſide only to 27 or 28 deg.; and 
near the eape of Good Hope, the limit of the trade winds is three 
on four degrees nearer to the equator, than upon the coaſt of Bra- 
ail, 4, From the latitude of 4 deg. north, to the limits of the 
trade ini upon the ſouth ſide of the equator, the winds are per- 
petually between the ſouth and eaſt, and moſt commonly between 


the ſouth· eaſt and eaſt; but upon the! ſide next to Africa, they 


ate more ſoutherly; and next to Brazil more eaſterly, almoſt due 
eaſt; their ſmall deflection from it being to the ſouth. 5. The 
ſeaſon i the year has ſome ſmall effect upon the trade winds; for 
when: the. fan's: declination is conſiderably north, the ſouth-eaſt 
winde between the coaſt of Guinea and Brazil, vary a point or 
twio 10 the ſouthward, and the north-eaſt winds become more 
eaſterly; and when the ſun's declination is conſiderably ſouth, the 
fouth-caſterly winds become more eaſterly, and the north- eaſterly 
/) „ v gry i 1 wats 
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* the north ſide of the eqquatury become more northarly. 
6. Upon the weſlern ſide of the coaſt of Africa, tlie wind fdts in 
upon the land from various i points of the compaſs, mortli- weft, 
welt, ſoutii hy weſd, ſouth · weft. and almoſt ſduth towards the cupe 
of Good Hope; ang: along the cbaſt of Guinea, for above y 
leagues, from:SierraiLiona to the iſle of St. Thomas, and within 
80 or. νibengues of tho oba: the: wind is ſouth: ſouth- eaſt, then 
ſouth-fouth-weff; and near tlie coaſt it is fouth-welt ; but theſe 
winds are ſometimes! interrupted: by: calms and violent guſts in 
every direction. 5. getwueen 4 and 10 deg. of forth latituden an 
between. the meridians of enpe De Verd and the nerthernmòſt bf 
theſo iſlands, or between: 20 and 30 deg; of weſt Torigitude, there 
is a tract of ſea; called the. Næins which ie fubfect to perpetunl 
calms and torriadoes; 8;:Between: the Parhllefs of 28 and 40 deg. 


in ſouth latitudde, and between 30 deg. weſt; ant 100 deg. alt; 


longitude, the wind ib uſuaby between north-welt and ſouth<wer; 
though it does ſometimes vary from: theſe directions; and betweeti 
the ſame parallels, in norch latitude; a weſterly wind u ! bet 
vents 255 en chan in ſouth latitude, n. „net en BILL 
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22 — Nene winds on cbs land, andbithe ſeas hat 
Ee or ſhifting trade winds; the former change from one 
direction to its oppoſite, every twelve hours, blowing towards the 
the land by day; and; from it:by night, and obtain neur the ſhores 


of all countries, im different degrees, according to che nature of 


the ſoil, cultivation, &. but are moſt conſpieuous in countries 
ſituated between the tropics;'+ The latter or -monſoons; are chiefly 
prevalent in ſome parts of the Indian oeean, changing from onedirees 
tion to its oppoſite every ſix monthss and: the ſubſtance of the follow. 
ing hiſtery of them ĩs taken from the obſervations of Dr. Halley, 
1. Between the. latitudes. of 10 and 30 deg. forth; and between the 
coaſts. of Madagaſcar and New: Holland, theigeneral tratle wind, 
between the ſouth and eaſt; obtams/in the ſatne: manner; as iw the 
Atlantic and Pacific oceans. 2. This ſouth· saſt wind extends with? 
in about two deg. of the equator, from June to November; and a 
24 $5115 10h: | . | cons 
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. __ contrary. uind from the:\nomþ-welt et in. and continues from 


thei beginning of December ſto Ma between the ſouth latitudes 
of 3 and 10 deg. in the nieridian of the north end of Madagaſcar, 
and between 2 and 12 deg. about the meridian of Sumatra or Java; 
and this monſoon alſo prevails between Madagaſcar and the Moluc- 
ca iſles. 3. To the northward of 3 deg. in ſouth latitude, over the 
whole Arabian or Indian ſea and gulph of Bengal, frum Sumatra 
to the eaſt of Africa, a monſoon, between the north and eaſt points, 

blows from October to April; and during the other half year, or 
from April to October, it blows from the ſouth-weſt. Theſe 
wibds.are not ſo conſtant. either in direction or ſtrength, in the 
gulph of Bengal, as in the Indian ſea; and-the ſouth-weſt winds, 
an theſe ! ſeas; are generally. moſt ſoutherly upon the ſide of Africa, 


5 and moſt weſterly upon the fide of India. 4. In that tract of ſea, 
between Madagaſcar and the coaſt of Africa, and from thence 


northwards to the equator, the ſame ſouth wind prevails from 
April to October; but the direction of the wind, during the other 
ſix months, is not certainly known. 5. To the eaſtward of Su- 


matra and Java, in north latitude, andialong the coaſt of; Cam- 
boia and China, the monſoons blow nearly from the north and 


ſouth,or the north-eaſt winds are here more northerly, and the ſouth- 


caſt winds more ſoutherly; the northern monſoon beginning in 
October or November, and the ſouthern in May, and extending 
to the eaſtward of the Pilippine ifles, and as far to the north as 
Japan. 6. In ſouth; latitude, between the ſame meridjans, being 
that tract which is ſituated hetween Sumatra and Java to the weſt, 


and. New Guinea. to the eaſt, the ſame northerly monſoons obtain, 


as jn the laſt obſervation, with. this difference, that the inclination 
of the northerly. monſoon is towards the north-weſt, : and of the 
ſoutherly towards the ſouth-eaſt; but; their directions in both are 


variable through five or ſix paints of the compaſs: The changes 
of theſe monſoons are, about a month or ſix weeks, later than .in 
the Chineſe ſeas. 7 The breaking up of the monſoons, or their 
change to an oppoſite direction, is gradual, and attended with 


calms in ſome, and variable winds in others; and the end of the 
weſterly monſoon, upon the caaſt: of Coromandel, and the two laſt 


months | 


1 WIN PDS. | 
months of the ſoutherly monſoon, in the ſeas: of China, are ſub- 
ject to tempeſts, ne wy their n to the: Weſt Andi aw. 
ricanes. . EY 
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ain, or condenſation, :of the-atmoſphere, will produce. 4 wind, blem- 
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I at "qi he altitude, the denſtty of the air were the fame, 1 no 
portion of it could move, becauſe the preſſures upon oppolite fides 
of any portion would be equal and deſtroy each other; but when 
any portion of air is either denſer, or rarer, than the. ambient 
air; the equilibrium is deſtroyed, and motion muſt enſue, diverging 
from it, when denſer, and when rarer * converging. towards it. 
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force; when the temperature 1s given; and the compreſſion which 


the earth ſuffers from it, according to the common courſe of things, 


being nearly the ſame, little motion of it, or little wind, can reſult 


from hence; and winds muſt therefore chiefly ariſe from 


rarefactions, owing to the different operations of heat upoit land 
and water, and upon different kinds of land. When any portion 


of air is hotter than the ambient air, its elaſticity i is increaſed, 
and being no longer in equilibris with the ſurrounding medium, 


it will endeavour to expand itſelf and aſcend, the reſiſtance above | 


being leſs than that below; and being, thus rarehied, the ſurround- 
ing air will ruſh in, to reſtore the equilibrium, as the rarefied air 
becomes cooler: and this influx will be encreaſed as the preſſure 
upon the ambient air is encreaſed, by the expanſion of the r 
ing air in the higher regions of the atmoſphere. In this manner, 
air always moves from bold to 0 e 1 55 0 1 
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an oppoſite direction above, and winds are generated, as far as 
the cauſes of them are diſcovered, by the action of heat oniy . 


228. Cor. 2. The air contiguous to the equator is, in general, 
hotter than near any circle parallel to it, and would always be ſo, 
were the whole earth covered with water; and conſequently, air 
will move, from the north and ſouth, towards it, and there will be 


a north wind upon the north ſide, and a fouth wind upon the 


ſouth ſide, of the equator. But the circle of greateſt heat, and 
therefore of greateſt rarefaction, may be altered by the magnitude 
and ſituation of continents, and the nature of their ſoil; as in the 
Atlantic ocean, near to the coaſt of Africa, this circle is a few de- 
grees north of the equator, and wind therefore, coming from the 
ſouth, paſſes the line to the fourth degree of north latitude; which 
it never does in open extenſive ſeas, far removed om the i in- 


fluence of land. 


229. ec. 3. Land and ſea breezes ariſe from this partial rare- 
fition of the atmoſphere; for the air lying aver land being hotter, 
during the day, and colder, ducing the night, than that over the 
adjacent ſea, a current of air will ſet in towards the land b y day, 
and from it by night; and theſe breezes prevail upon the + mart- 

time coaſts of all countries, but moſt remarkably in iſlands fituated 
between the tropics. - Upon the coaſts of great continents, whoſe 
lands are very ſuſceptible of heat, the air lying over them may be 
ſo heated, and retain the heat ſo long, that, in the abſence of the 
ſun, it may always be hotter than that over the ſea; and in this 
caſe the ſea breezes will be perpetual. This is the cauſe of the 
conſtant ſouth-weſt winds upon the. weſtern coaſts of . 
which often obtain alſo Ga the weſtern coaſts of America. 


& s Ho- 


I tte door of a warm room- be that, a current of air is ſenfibly perceived to iſſue i into 
the room, through an aperture at the bottom, and out of it _ an aperture at the top, 
of the door, by placing a candle n near them. | 


22 


fr 
co 


WINDS. 


s HO LTU u. 


23% Air ® being a heavy fluid, will be influenced by the action 
of the ſun and moon upon it, and there muſt be tides of air, as 
well as of water; but they are too ſmall to affect the mercury in 
a barometer, and winds therefore produced by this cauſe, are 
ſcarcely ſenſible. Mr. Henry Eeles accounts for the irregular mo- 
tion of the atmoſphere, from the aſcent and deſcent of "YAY n 
2 aN with een nn, 
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2 31. PROP. Ti "3h motion + 174 * earth, round its axis, will adn 
an eaſterly wind, in air moving towards the equator, ard a . 
wind, in air moving from its 


Ds M. The a * a gravitating fluid, and partaking 
of the earth's diurnal motion from weſt to eaſt, performs one re- 
volution in twenty - four hours nearly; and conſequently the velo- 
city. of air at the equator is to the velocity of air in any parallet 
of de, as the peripheries of theſe circles to each other, or as 
the radius to the coſine of latitude, If therefore air move towards: 
the equator, it muſt appear to come from the eaſt, becauſe the 
places, viſited by it, are moving eaſtward with a greater velocity; 
and if it move from the equator, it muſt appear to come from the 
weſt, becauſe its motion eaſtward is greater than that of the 
ws over which it mm are PD. 


IN 


the circle of greateſt carefaftion, and ee of the equator. And 

from theſe two cauſes combined, are derived the general trads-winds, 

canſtantly blowing 1 in moſt parts of the Pacific and ktlantie oceans,” 
3" + 243 Cor 


s Phil. Tran. No. 437. Muſſchen. Vol. II. pag. 1102. 
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233. Cor. 2. If the ſurface of the earth were covered with wie, 
the rarefaction of air, in the fame parallel, being equally expoſed 
to the ſun's rays and equally impregnated with water, would be 
the ſame; and the cauſe being the ſame, the effect would be ſo 
too, or the winds would always blow with the ſame ſtrength, and 
in the ſame directions. Variable and periodical winds are there- 
fore,chiefly to be attributed to the different degrees of heat, com- 
municated by land and ſea, under the ſame parallel, to the air ly- 
ing over them. And in extenſive ſeas therefore, as in the Pacific 
and Atlantic oceans, the general trade winds are ſubject to few 
variations, and to fewer in the firſt than in the ſecond, which is 


broken by numerous iſlands, and bounded by large continents, 


one of which. is remarkably — of heat. 2 


234. Cor. 3. In the Atlantic, a ſouth-eaſt wind blows may 
between the equator and four deg. of north latitude; becauſe this 
wind comes from the ſouth, and, when it paſſes over the equator, 
has not the velocity of places under the equator, but that of the pa- 
rallel, from whence it came, augmented indeed during its paſſage; 
and it muſt appear to be eaſt, whilſt this velocity is leſs than that of 


the places viſited by it. The northerly trade wind extends only to 
ten degrees in north latitude, becauſe. the circle of greateſt rare- 


faction lies upon the north fide of the line; and between the lati- 


tudes of four and ten degrees, calms will be produced by an equi- 


librium of winds coming from oppoſite points, and irregular ſqualls 
by their ſtruggles againſt each other. To the eaſtward of this, a 
conſtant ſouth-weſt wind ſets in upon the coaſt of Africa, and in 


the intermediate ſpace, the air muſt be extremely rarefied by the 
blowing of oppoſite winds from it, and 1 1s therefore ſubject almoſt 


to conſtant rains. 


235, Cor. 4. The general trade winds ought to extend, as they 
do, to higher latitudes upon the American, than upon the Afri- 


can, fide of the Atlantic; becauſe the land 1 in America os to 
higher 


WINDS. 


higher latitudes, both nortli and ſouth, than in Africa; and- un- 
equal rarefactions of air lying over land aid water, and conſe- 
quently the trade winds, ariſing from them, will be extended: to 
higher latitudes. They are alfo enclined to the eaſt upon the 
fide of America; for, coming from leſs parallels, the relative velo- 
city will be greater; and this effect will alſo be avgmentarh; h the 
ſea breezes, which, in an caſe, come from the eaſt. 
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236. Cor. 5. Tbe ſcaſon of hammer ought. to have ſome: effect 
upon the direction of, the trade. winds; for when the ſun's decli- 
nation is north, the air ta the north of him, will be rarefied, and 
move towards the equator with. leſs velocity, than when his decli- 


be more e caſterly, and that to the ſouth of the line, more ſautherly. 


And for the ſame reaſon;. when the ſan' s declination is ſouth, the 
winds in ſouth latitude are. more ae and thoſe in n-nomh; la- 


_— more northerly, | 8 243, Tal thee (TEAS BD 


S 
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1 37. Since a large portion of air, ſituated between twenty-eight 
degrees of north and ſouth latitude, is conſtantly. moving towards 
the circle of greateſt rarefaction, and there becomes hotteſt and 
moſt rarefied, it will then aſcend; and, as the barometer is- not 
ſenſibly affected by this accumulation of air, it muſt return to the 
north and ſouth in upper currents. After this air has been ſuffici- 
ently cooled and condenſed, by moving at ſuch an elevation,from 
the carth, it will become ſpecifically heavier than the. air below, 
and from the nature of fluids, deſcend, and form the nor th-weſt 
and ſouth-weſt winds, deſcribed to prevail (224. Obſ. g.) between the 
limits of the trade winds, and about forty degrees of. latitude. And 
continuing to move near the earth, till it be ſufficiently heated 
and rarefied, it muſt aſcend again, in an oppoſite direction; and, 


bing again cooled, deſcend again and. become the general trade 
R wind. 
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wind. T 2 — beyond the fortiethi degree of latitude, are Va- 


riable and not reducible to any known rules; becauſe very differ- 
ent degrees of heat are communicated to the fea. and land; in 
nearly ſimilar ſituations of the fan, on account of the weather; 


but wind in theſe climates ariſes from the ſame cauſes, as in r 


torrid Zone, a e 9 we the A 3 


8 CH OLIU M II. 


238. Since the radius of the earth is to che coſine of the latitude 
of either tropic, as 1000: 917 nearly; air coming from the tropic, 
with the velocity eaſtward which it had there, to the equator, wilt 
appear to move to the weſt at the rate of 2083 miles in 24 hours, 
or of one mile and ;th of a mile in 1, which is not conſiſtent with 
experiment, being greater than the velocity of wind in a violent 
ſtorm. But air is not transferred from the tropic to the equator, 
in an inſtant, and the relative velocity vf air under them, or under 
any two unequal parallels of latitude, is gradually diminifhed, its 
motion being affected by the diurnal motion of the earth. Thus 
the velocity of air, moving from the tropic to the equator, will be 
gradually augmented, by the greater velocity of the earth in the 
ſame direction; and when it arrives at the equator, be equal to 
that in ſome intermediate parallel, the nearer to the equator as ts 
motion towards it is flower. | | 


S HOLIUVM II. 

2 230 The cauſe of the general trade winds, according to Dr. 
Halley, is different from the preceding, and, for the ſake of thoſe 
who may not think with me, here inſerted. ** The ſan appears 
to move from eaſt to weſt, and in conſequence of this, there muſt 


be ſome point upon the globe hotter than any other, which i is the 


point of greateſt rarefaction. The greateſt heat at any place is 
about three o' clock in the afternoon, and the point of greateft ra- 
refaction 18 therefore behind the ſan; but the air, eaft of this 

point, 


WINDS 
avi will be grown cool again; and therefore fallow it to . 


the equilibrium. In this manner, a conſtant current of ain, from 


the eaſt, will take place all over the globe. which compounded 
with a north wind: on the north fide, and a ſouth wind on the 
ſouth ſide, of the equator, will produce the general trade winds.” 


That this account is unſatisfactory, is preſumed, for the follow 


ing reaſons. 1. It is true, that air will always move towards the 
point of greateſt rarefaction, or 45 deg. eaſt of the ſun, and that, 
from the eaſt of this point, there will be an eaſterly wind: but, 
when there is the leaſt inequality of - rarefaction, it will, for pre- 
ciſely the ſame reaſon, viz. the nature of air, move from the parts 
that are more, to thoſe that are lefs, denſe. And as the air that is 


30, 40, 50, &c. degrees weſt of the ſun, is denſer than that to which 


the ſun is vertical, and ſtill more ſo than that of 45 deg. to the 


eaſt of him, it muſt, and cannot, whilſt poſſeſſed of this property 


of air, but move from thoſe parts where it is denſer, and conſe- 
quently become a weſterly wind. And thus for the morning, and 
for ſome time after the ſun had paſſed the meridian, there would 
be a conſtant north- weſterly, and ſouth-weſterly wind upon the 
north and ſouth ſides of the equator reſpectively; which i is con- 


tradicted by experience. 2. A current of air, actually moving in 


a direction oppoſite to the earth's diurnal motion, would certainly, 


in a great number of years, have ſenſibly retarded its motion; 


which has not been yet obſerved. But ſuppoling the earth and air 
to move in the ſame direction, the magnitude of impact, and con- 

ſequent retardation, is much leſs: and this is, in ſome degree, 
compenſated by the current of air returning from the equator 
(laſt ſcholium), and conſequently moving eaſtward with a Nerf 
velocity than the places over Wich it 1 1772595 H 
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DEM. In \this country, and indeed in greater latitudes, land, the 
noon in ſummer, is hotter than water, and air. incumbent upon it 


muſt therefore be ſo too; and a thermometer expoſed for a given 


time, to air lying over land, is higher than upon the adjacent ſea or 
lake. In the Indian iflands, a freſh breeze ſets in towards land, 
about nine o'clock in the morning, encreaſes to two or three, then 
decreaſes, and quite vaniſhes: about nine o'clock at night; then a 
breeze conſtantly blows from land, which encreaſes till two, and 
dies away about nine o'clock in the morning, and theſe changes 
prevail throughout the year. __ D. i 


4 N 
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241. This propoſition i is not generally trae: for winds, coming 
over large tracts of ice and ſnow, are felt to be much colder than 


ſea winds blowing over the contiguous ſeas. And in this king- 


dom, vapours ariſing from water, during froſty and cold weather, 
are warmer than the incumbent air, becauſe they are condenſed 
and become viſible as ſoon almoſt as they riſe into it; and theſe 
vapours, riſing out of the ſea, in great abundance, muſt commu- 
nicate heat to the atmoſphere lying, over it, and render it warmer 


than | HE) over land. 


443. n 1. The nous, in x thee: India's ocean Lang uy of 
Bengal, ariſe. from the difference of heat, communicated to, and 
loſt by, air lying over land and water, in the ſame time; for the 
Indian ocean is ſurrounded, to the eaſt and north, by part of 


Africa, Arabia, Per ſia, and India, whoſe ſhores lie within the li- 


mits of the trade winds; and the air ſituated over theſe immenſe 
tracts of land, becoming hotter than that over the adjoining ſea, 


after the ſun has croſſed the equator, (about the 22d of March) a 


wind ſets in about April, three weeks afterwards, upon land, and, 
coming from the equator, muſt have a weſterly direction. This 
ſouth-weſt wind continues from April to October, when the ſun's 


declination becomes ſouth; and then the air, lying over the land 
n | | towards 


WINDS: „ 
towards the north, being ſooner cooled than that lying: over the 
ſea, a breeze ſets in from the land, and; coming towards the equa- 
tor, has an eaſterly direction; and thus a: ſouth-eaſt wind will 
blow from October to April. 8 12442 e 116 ee 


* * 
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2243. Cor. 2. The.monſoon, blowing between 3 and 10 deg. of 


ſouth latitude, in the Indian ocean, from the ſouth eaſt during the 
months of June, July, Auguſt, September, October, November, 
and from December to May, from the north-weſt, may be explain- 
ed in the ſame manner, as the preceding. During the ſummer 
months, or from the end of May to the end of November, the 
general trade winds (always blowing in the ſouthern, part of the 
Indian ocean, from 28 to Io deg, of ſouth latitude) now reach 


within 2 or 3 deg. of the line; and the monſoon, ariſing from the 


extreme rarefaction of the air lying over the lands in north lati- 
tude (laſt cor.) is extended to between 2 and 3 deg. of ſouth lati- 
tude, and would have extended ſtill farther to the ſouth, had the 
land been nearer to the line. The direction of this monſoon is 
ſouth-eaſt, becauſe its velocity eaſtward, when it paſſes the equa- 


tor, is leſs than that of places lying in this circle, and it muſt ap- 


pear to come from the eaſt, till its velocity be greater than that 
under the parallels viſited by it, which happens between 2 and 3 
deg. of ſouth latitude. During the winter months, or from the 
beginning of December to May, the northern monſoon: extends to 
ro deg. of ſouth latitude; its direction being north-eaſt to between 


2 and 3 deg. of latirude, where the velocity of the parallel and its 


velocity eaſtward are equal, and north-weſt between this and 102 
deg. of latitude. This monſoon ſets in later than that on the 
north ſide of the line, becauſe ſome time muſt elapſe before the 
cauſe, producing the general trade wind from the ſouth-eaſt, can 


be ſet aſide by that producing the current of air from the north; 


4 #3 > 4 4 
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244. Cor. 3. Between Madagaſcar and the coaſt of Africa, a 
ſouth-weſt wind blows from April to October; becauſe at that 

| | time, 
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the mercury in the barometer would be higher every year, which 
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time, the ſun's declination is north, and that part of Africa oppo- 


fite to Madagaſcar, being ſooner cooled than the ſea, a wind will 
blow from it, or be between the ſouth and welt. 5 


JH” Cor. 4. To the eaſtward of a in north latitude, 
the north-eaſt monſoon is more northerly, and the ſouth-eaſt 
monſoon more ſoutherly, owing to the immenſe continents ſituated 


to the welt and north of this tract of ſea. 


SCHOLIUM I. 


246. The monſoons, or ſhifting trade winds, are differently 
explained by Dr. Halley, in the following manner. The air, 
which is carried to the equator, being there much rarefied, muſt 
aſcend and fall again in an oppoſite direction, to preſerve the equi- 
librium ; and if this returned air be rarer than that moving to- 

wards the equator, it muſt be carried along with it in the ſame di- 

ection; and if it be denſer, it will prevail over it, and produce a 
current in a contrary direction. Now to the north of the Indian 
ocean, there are lands every where within 30 deg. of latitude, 
which, like Mediterranean parts of Africa, are ſubject to exceſſive 
heats, during the ſummer, but are temperate, in winter, from a 
ridge of mountains, at ſome diſtance within the land, which at 


that ſeaſon are often covered with ſnow, and over which the air 


that paſſes is much chilled. And hence, from October to April, 
the lower current will be denſer than the upper, or be north-eaſt; 


and from April to October, when the ſun's declination is north, 


the lower current becomes rarefied, and the upper current pre- 
vails, or the wind is ſouth-weſt. But the preceding account ſeems 
to be more ſatisfactory than this of Dr. Halley, which is liable to 
many objections. If all the air be returned within the limits of 
the monſoon, there will be a perpetual accumulation of air in this 
latitude, as freſh air 1s always blowing towards the equator, and 


is 


WIND S. | 
is not true; and if a part of it only were returned, there would 
ſtil! be an accumulation, and the remainder, returned beyond the 
limits of the monſoon, would clearly affect the direction and velo- 
city of the general trade winds from the ſouth-eaſt, blowing be- 
yond the limit of this monſoon. 
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247. If any portion of ſpace were entirely exhauſted of air, the 


velocity of the | contiguous air, ruſhing into it, would be nearly 
1319 feet in 1' . 149); and the degree of rarefaction being given, 
the velocity of air might be aſcertained by art. 217. But this pro- 


polition ſuppoſes the temperature to be given, and cannot. be ap- 


plied to diſcover the velocity of wind, which ariſes only from a dife. 
ference of temperature, and is much leſs than when the tem 
ture is the ſame. For the air which is rareſied, is Hotter and mo Ee, 


elaſtic, than the ambient air, and by this encreaſe of elaſtieity, i- 
miniſhes the velocity of influx. Dr. Derham, from repeated ob- 


ſervations upon the motion of light, downy feathers, moving 


freely in the wind, concluded that air, in a great ſtorm, moved at 
the rate of 45 miles in an hour; and when the ſtorm was moſt 
violent, it moved at the rate of 50 or 60 miles in an hour. Mr. 


Brice diſcovered, from ſome obſervations upon the motion of 
clouds, or their ſhadows moving upon the ſurface of the earth, 
that the velocity of wind in a ſtorm, was 62.9 miles in an hour, 
21 miles in a freſh gale, and 9.9 miles in a ſmall bree. 
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motion of air. LE. 5 
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DEM. I. The perception of ſound, without the actual impulſe : 
of matter upon the organ of hearing, is impoſſible, and it muſt 
therefore be conveyed by ſome intermediate fluid. 2. The ſound 
of a bell, included under a receiver, is weaker when the quan- 
tity of air is diminiſhed, and ſtronger when dugmented by a 
condenſer. 3. A ſtrong receiver filled with natural air, in which 
a bell was ſuſpended, was ſcrewed down to a braſs plate covered 
with wet leather, ſo that no air could eſcape, and included under 
a larger receiver; and when the air contained between the two 
receivers, was exhauſted, the ſound of the bell could not be heard, 
and was not therefore tranſmitted through the vacuum; but it 
was heard again after the air was readmitted. 4. That motion is 
communicated, by the ſoinding body, to the contiguous air, is 
evident from the viſible motion of ſmall particles oß duſt floating 


in it; and in very loud ſounds, as of artillery or large bells, the 


ſurface of any contiguous water is ſenſibly agitated, and glaſs 
windows are ſometimes broken, by the . of air upon them. 


* D. 
249. PROP. All ſanorous bodies are elaſtic. 
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1. Let glaſs, bell- metal, &c. be covered with a little duſt when 
they are ſtricken, and their parts will evidently appear to move, 
from the tremulous motion of the particles of duſt. 2.This tremu- 
lous motion is alſo collected from that of water contiguous to the 
ſides of a glaſs veſſel containing it, which is made to emit a ſound 
by friction. 3 If the parts of a body were immoveable by im m- 
Pact, they could not communicate motion to the contiguous air; 
but ſound js conveyed. to the ear by the motion of air communi 
cated to it by the body, whoſe parts muſt therefore move, and 
continue to move forward and backward for fome time, becat 
the Ne is heard for ſome time. 9 | | 


 SCHOLIUM. 
250. Sonorous bodies, are conceived to be made up of elaſtic 
leminas or fibres, which move by the impact of another body upon 
them, and communicate the motion received to the next contiglue 
aus, ond theſe to the next, &c. and their tremors continue till dar 


ſtroyed by the reſiſtance of the n fluid or by 3 
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251, LEMMA. Every point fp clic chord or fibre FAE, * 


. firetched and pepſocliy elaſtie, will, in performing very ſmall vjhre- 
Mont, e 1 _s _ oe ns en . e * 
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Take * a very ſmall 0 of the fre, zM, M N N 0, FIG.LXVIL. 


© &c. and becauſe the tenſion is the ſame, their jengtha, at any one 
inſtant of time, muſt be equal; but if E M coincided with Em, 


| ſooner or later than MN, NO, &c. with mn, #0, &c. their lengths, 

and conſequently their tenſions, would be unequal, contrary, ta.the 
hypotheſis, All the 7 Mu N, cc. 4 arcive therefore at FE, at 
the ſame time. Q. E. D. | 


1 1 scho. 


| quently F. P: : AB: AE: AB BE — and „ 
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2 52. If the Enel of FE be very fall. an encreaſe of bnticn 
ariſing from pulling, ſtriking, | &c. is communicated almoſt inſtan- 
taneouſly to it ; but if it be great, the middle point A may return 
towards the axis before any motion in the direction B be com- 


municated to the diſtant parts of the fibre; and conſequently dif- 


ferent parts of it will move in oppoſite directions, and form a 
ſerpentine line. Though the tenſion be the ſame through the 
fibre FAE, yet the accelerating forces of different points, in di- 
rections perpendicular to the axis, are plainly unequal, being 
greateſt at A and decreaſing from that point to F and E, where 
the accelerating — nothing. becauſe thoſe points are fixed. 


* -» — 
8 1 "Ba JIA ES 929155 A 2 > 
16 3 4 3 1 1 „ 42 4 * AI 2 


Lou 53. LIAN A. 77 4 ee claflc obord or : fre 7 A B, h fretchel 
by a force equal to P, and inflefted through aniinfinitely ſmali ſpace BA, 
2 a one _ fo By F at tbe midale 7 F will wy as 

P:x AB. 304 * Tone 05 ta dan 958 1.71. þ F 

FE * : 
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= et the thee P be ed in quantity and een ho 4E. 


and reſolved into two forces EHE and BA, and that part of it 


which acts in oppoſition, and is equal, to F is BA; and conſe- 
PxAB 
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and varies as — [G81 D. 6 EE eee 


1 184 3 0 - 
” | EIT: N * ri 380 b * 2: s 3 — 2 
* | 1 4 c & * 


254. cor. 1. The at of any art: of the! bre! is echt 
the fame, at the ſame diſtance, JB, from the s axis, FE, whether 
it be only inflected to A, or be returning fr om ſome remoter in- 
b pan GB; and conſequently, when * and the length of the 


* 


7-0: | .. fibre 


9.0; UND 
fbre are given: F will vary as the diftance. A B, in all ſmall inflec- 
| tions, or. A will: always? arrive at the axis in the fame time.. 9 n 
às other points arrive at PE, at the fame time with A (251), all 
vibrations of. the ſame fibre are ifochrongus, 3 and, i will alſy me 
ſuch” à figure that the W force of each point "may, vary 2 as 


its: 8 3 „ 4 * — Ne . * 5e 
= rd N .“ Ban 5s EE Each ale Wok 
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12 as the ſpace deſeribed in an infinitely ſmall time, the ordi- 
nates, in different ſituations of the Ahe, will be to one another in 
à given ratio. er 


255. Tor. 2. Sides tes accelerating force is as i he Sale, and 
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2 SP Cor. 3. The curvature of the fibre FE, i in Sirens poſitions, 
will vary as the correſponding: ordinates; for let DBand CT be very 
near each other, and JB and TP be tangents; — CG: CI: : DP: DB 
CK: CE; and divid. DP: DR.: KG: TH f EKO: 2 HBP: 
curvature at P: curvature at B. This concluſion 38) derived dif- 


ferently by the following proceſs: DE, an infinitely ſmall part of 


the curve, is acted upon by equal tenſions at D and E in the di- 
rections of the tangents, and the elaſticity; being / equivalent" to 
them, is therefore as the diagonal of the rhombus GH paſſing 
through the center, of curvature O. The abſolute force. to move 
DE in the direction 85 HA): tenſion :: :D E. E O; but the ac Ac. 


3 "A". 115 tention & BE 
en force, F. varies as == D Þ and therefore as — DE E 07 
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or the tenſion being given, as 55 oh or, 48 the sur eature. le follows 


» & 174 1. 
4 4 l 


1 

from hence, that the or rdinate DB, being as E, varies as 5 
t 
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2 . EMMA. To find'the OR 0 eur valurk yy the curve F 'DE, 
whoſe Jength : 15 L. and a5 b. ; 
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8 0 UND, - 
Let the radius of curvaturt at the middle point Mex 2 R, and if 


Z be given, the radius at any other point D fo 79*¹ R: 23 15.5 


and p55 RG and R = ==" but at M, 4 A. andy =4, 
22. 3 


and RB. - Rbg=L ; and R= RIAS * 
VE — — 63 8 — bz 
5 * * and 4 R 2 


( ance R 18 murk greater than or ” 
l =. | 


— — 


VaRbB — 4Rby* V= 


and x = v Rb x circular arc, 


whoſe fine is 2 and IK uoity; and when 2 = 1 then * = = FL 


PX 


=3L = VR * Rb x ot = VNN, 1 7 for 


Fa on Jo * 
24 | 7 


any other point D =. QE. I. 


3:1416) and R = 


and the radius of curvature i in 


2 nt; Prov. The length L, and weight W, of the fibre FDE, ond 
_ five 'P, being given, ta * the periodic time T. 


Let A = the abſolute "ED of tenſt ion, a = 1 force with which 


DE moves, w == the weight of DE. A: @:: DO: DB::R: 2 


' but the accelecating force varies as the abſolute force directly and 
quantity of matter to be moved inverſely, and accel. force of 2 * 


A.. 2 


accel. force of gravity ::— Sq 2 P . 5 and, ſuppoſing the acce- 


terating force of . = I, the accelerating, force of à (F) = 
But the ratio of P : w 1s equal to the ratios of P: W and 
.: W, 
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ab bee 
Ven er of EN and L 5 end IE and conſequently 
Px xb 
x W © 


P varies as 2 or, ſubſtituting for R its value, as 


Let there he à pendutum, whoſe length is D and time of Ubra- 


X 


tions; Te erg 727K 


D 1 r and the number of vibrations of 


Ee. L 
2 EE . 


the re prſormed in the time tis qual to 7 
259. cor. I, Since; . and D are het the periodic a times af dif- 


ferent fibres will vary as = 


"gb Cor. 2. | When the diameter of 4 fibre 3 is given, Z varies as. 


I and the times will derer be us 2. % 3380 
| * ; Vw 1 85 


$SCHOLIUM. 


26 "A Since the fibres, which compoſe ſonorous W 
' infinitely ſmall vibrations, move according to the ſame law with 
a gycloidal pendulum, the particles of air immediately contiguous 
to them muſt move in the ſame manner, as their motion is derived 
From, 
At 


that the motion of the particles more remote is fimilar to that 


bol the firing, ſeems to be apparent from their elaſticity; and is 


fill more clear from this experiment. If of two fibres, whole dia- 
meters, lengths, and tenſions are equal,. one of them be Rricken 
| 4 


£ 2 
—« 


A 3 


and governed by, that of the fibre in contact with them. 


D 
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o as to produce a forcible tone, the other will receive, from the 


FIG. LXX, 


N 


a * 
9 * LAS as 


intermediate air, a tone and motion A ſimilar to the firſt. * 


”w 
7 * 


VVoÿ 5 FULL % ef en es 
#1" Des. Pulſe 0 are 4 thab Pants: 91 air which 8 5 
and Feen and in their progreſs ſtrike againſt obſtacles; and 
the latitude of a pulſe is the rectilineal ſpace, through which mo- 
tion is communicated to the air, during one vibration backward 


P 


and forward of the ſounding; body, or Particles * 


* 


: 2640 Prop. if parfidles of air, during 3 abs of their vibration, 
be agitated according to the law of a cycloidal pendulum, they will con- 
tinue to move according to that law to the end of their vibration. 


AB, BC, CD, &c. are hw through which air moves 3 
the times of three ſucceſſive vibrations; E, F, G are three phyſical 


points; Ee, Ff, Gg are three equal ſpaces through which they 


vibrate; , ©, Y, are any intermediate ſituations of theſe points. 
Let PS == Ee; and let the periphery of a:circle, whoſe diameter is 


Ps and its parts, repr eſent the time of a whole vibration and its 


parts, ſo that in the times PH, PHSb, the n may have de- 
ſcribed PL, or PS + SJ. 
If PH be the time elapſed from the beginning of E's motion, 
P1 and PK will be the.times elapſed. from the beginning of the 
motions of F and G (becauſe EF: BC :: time of deſcribing EF: 
time of deſcribing BC :: HT: whole periphery); and in the pro- 
greſs of the particles, Et, Fo, Gy are reſpectively equal to PL, 
PM, PN; and «@ = EF FSG -E = EF LM = the ex- 
panſion of the air in EF when transferred to «©; and the expan- 
ſion of aif in : mean expanfion :: E EF— LM: EF; but LM: 
IH:: IM: OP, IH: EF: whole periphery : BC: OP: V (the 
radius of a circle whofe circumference is BC) LM: BF :: 2 M: LE 5 
and conſequently expan. in : mean expan.: „LMT. 


But the elaſticity of atr varies inverſely as the ſpace occupied by it, 
a and 


> 


SOUND. 


and the dal. i in "9: mean elaſt, : 7: - 7 . > By: a Haller proceſs 


the a; in Oy: mean hat FERN 2 N 7¹ and the difference be- 


| tween theſe forces : : mean claſt. :: 715 TM KN 


r 1 M — -KN: 2 the Wente being very ſmall, and 7 M, KN, 


„ 4 => 


| infinitely leſs than V. But the difference of elaſticity in & and Oy 
is the force with which the point ꝙ is agitated; which varies as 
IM— KN being Swen) or as KL — IM, becauſe KH is bi- 


ſected in 1, or, ſince KL IM: IH :: OM: OT or O and 2 


and OP are given quantities, as OM, or biſecting F in n, as NG. 
In the ſame manner it may be ſhewn, that if PHSh repreſent 
the time elapſed from the beginning of E's motion, PHS, PH SA 
will repreſent the times elapſed from the beginning of the motion 
of F and G reſpectively; and that the expanſion of EF ine : 
mean expanſion :: EFH. Fog Eis or EF Im: 35 Foes ? 25 


and the elaſtic force in e mean claſtic force :: þ F. = Þ 'k Þ and 


the difference of the elaſtic forces' in 0 and y: mean talic 
force :: En — in: P, and this difference of elaſtic forces varies 


| directly as QO. But this is the force with which the phyſiral 


point « is agitated in its regreſs; and this force conſequently varies 
both in its progreſs and regreſs as the diſtance —_ the e middle 
pun of i its vibration. peas D. „ 47 


F * 
1 * 
1 


dene 0 40 SGUED 
264. If three particles had moved for times denoted by PR, PI 
PH, the difference of the elaſtic forces oſ the exttemè particles, 
upon the intermediate one, would have been as KL — IM; ofias 
MO; or if the time be diminiſhed till 7 coincide, with P, that is, 
in the initial motion of the ſecond particle, and before the third 
' has 


143. 


—— — — 
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þ 266. Cor. 2. In theextreme vs of the Have; e TY 


SOUND. 


tas moved at all, the point M will fall upon P, and O = PO: 


conſequently the elaſtic, force of the fecond particle; at the begin- . 
ning of its motion and before the third particle has received any 


motion, varies as the diſtance from the middle point of its vibra- 
tion, ſuppoſing the firſt particle to move according to that law. 


If, for inſtance, the point E be confidered as a particle of air, Vi- 
brating according to this law, and moving, for an infinitely ſmall 
time, before F begins to move; the force agitating Fvaries as the 
diſtance from the middle point, and F begins to move aceording 


to the law of a cycloidal pendulum, and it will impel G juſt in 


the ſame manner as it was impelled by E, and the comparative 
elaſtic force of & will vary as the diſtance. Such are the initial 
motions of the partieles, and, from this propoſition, theſe motions 
are continued, and pulſes of air are propagatzd, from the ſounding 5 


| 323 according to the ws of a ern nen 


5 265. Cor. 1. The number of pulſes ores! is ate to 5 
number of vibrations of the ſounding body ; for the line of air 4, 
after returning to its firſt, ſituation. will be quieſcent, its e 


being as / i, and there Yo evancſcent. 


the particles vibrate, or at P and S, their expanſion is equal to 
that of air in its natural ſtate; for the expanſion in 3, is to the 
natural expanſion, as /== IM to V, and 7M is there equal to no- 
ching. In the middle of the progreſs, the condenſation is great- 


_ eſt, becauſe 7M is there greateſt, and conſequently Y — 1M, or the 
_ expanſion is leaſt. During the remainder of the progreſs, and to 


the middle point of the regreſs, the medium grows rarer, and 
there the rarefaction is greateſt, becauſe 7 m and V = i 0 YES. | 


doe ard the e Is chere MEE 


 $0.UND. 
| - 267, Cor. 3. It is evident, from the nature of an elaſtic fluid, 
that theſe condenſations and rarefactions will be diffuſed in every 


| direction. For the condenſed air, having more elaſticity, will ex- 
pand itſelf into the cotitiguous parts all around, and theſe into 


| * 


the next, &c.z and the rarefied-air,. having. leſs elaſticity, the cn. 


tiguous air will ruſh in from every direction; ancł in 1110 manner 


| ſpherical ſhells of -6pndenſed. and rarefied air, at reel intervals, 
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bo 268, The P ropagation of fourid is often Hluſtrated-by-the dbvj. 

ous inſtance of a heavy body; thrown inth 4 pond af eee Wa- 
ter. The ſurface of thewater forms itfelf into circular Waves, which 
are propagated not. only directly forwards; but if any'obliacle; ih 


' 7. oh 
$5, 3» - ” * 5 4 Py 
F LU 


.A pee” N *. in ĩt, obſtruct their progreſs, thoſe, which 7275 


e ure, will iff ue from. 1t as from a center, and be 
3 dire ey e & of theWiker Wing behind t -A 

tition; not TEX: direct Motion from the Foyt F WHRN they 
1 excited, ing pr prevented p 77 In, but by an obſgogind 

ateral progreſs, og 'courte being kent as they paſs cheouph: 
aperture. In a ſimilar Gs the tremulous motions of a lan. 
rous body communicate un: lations to the LAs, In the w the 

waves are elevated abovg, and t. S intervals etweenn * the Aeg 
below, the contiguous unruffled ſurface, and it is obvictis, tha 'the 
waves, and cavities between them, will both be diff fuſed to 
teral parts of the medium. y gravity, - And ih air the, ame 
is produced by elaſtigity,,,, The alternate conder nfagi Gs Andr 
tions of air, and meanzy of pom wilt bes eaſi ly c e 
ſerving the ſucceſſive ot 8 produced y an elaſtic Hbre, It 
rts of its vibration. Let AE be a ſlender column of air, p 
dicular to the fibre at the middle peint, and touching Ei 7 975 
whilſt the fibre perfornis one vibration, bark ward And n 
let mation be communicated. through. AE, and conſequently, 1210 
* A f==BC=CD= DE, it will be communicated through 
3 | each 


* 
VIII. 


FIG. LXXI. 
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each of theſe ſpaces i in th of the time. of a vibration. 1. During 
the firſt half of the fibres progreſs, the particles of air between 4 
and B will move ſucceſſiveiy with an accelerated velocity, and be 


condenſed, and the condenſation will be greateſt in the middle of 


the progreſs. 2. During the remainder of the fibres progreſs, the 
airy between A4 and B will. be till. progreſſive, but retarded and 
rarefied, and, at the limit of the progreſs, its denſity will be equal 
to that of air in its natural ſtate. Let. it be obſerved, that, in the 
middle of the fibre's progreſs, the condenſation neareſt to it is firſt 
greateſt, and ſucceſſively tranſmitted to the following parts of the 
medium ; and at the limit of the pragreſs, the denſity of. air, next 
to it. is firſt equal to that in the natural ſtate, and ſucceſſively. tranſ- 
mitted to the following particies. In this Half of the fibre's pro- 
greſs, the air between B and C will be accelerated and condenſed, 
by. the. greater elaſticity « of the medium between it and the fibre, 
exactly; in the ſame manner as that between A and B, in the firſt 
part of the progreſs. , 3 3. In the firſt half of the fibre's regreſs, the 
the air between it LP B will be regreſſive and rarefied, and its 
rarcfaction will be greateſt at the middle of its regreſs: the air 
been B and C will ſtill be progreſſive, but. retarded and become 
of the ſame denſity with air in its natural ſtate; and that between 
C and D will be condenſed in the ſame manner as that betweer 
B and C was before. 4. In the laſt half of the regreſs, the air 
between it and B will return to its firſt ſituation, and there rel. 
main -quieſcent; that between B and C is regreſſive, and at the 
greateſt rarefaction; that between C and D is Progreſſive, and 
rarefied to its natural ſtate; and the greateſt condenſation is be- 
tween D and E; and as motion is thus/conimunicated from A to 
E, during one vibration of the fibre, or of d' particle of air, back- 
ward 6 and forward, mw 1 772 5 AE is a at MO OTITIS HOO 


* P 
„ i 


0 1 * 


269. ProP. FT A be 1. ara of « a Fond 8 7 the | 
ſame denſity with air at the place where ſound is propagated, a cyeloidal 


pendulum, whoſe _— rs A, will perform an oeillatiovin in the m_—_ time 
bat 
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that a pulſe of air de 9998 the es. 7. a eirele uhh radius 
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lk che e phyſical line; EG, were urged, in the extreme pat Uf FIG. Lxx. 
its vibration, by an elaſtic force equal to its weight, the tire. 
would be equal to that of a body Vibrating forward and back- 
ward in a cycloid, whoſe length i is PS, by its weight. Let this 

time St; and the time of a ſimilar vibration of a epcloidal pen- 
dulum, whoſe length is A, be equal to T1 and ?: T. PO: A 
(Mechanics); elaſticity at P or Si: whole elaſticity :: = BK; V whole. 
elaſticity or weight incumibent: weight of EG:: A: "#6; and 
conſequently the elaſticity at P or 8: weight of EG.: HK x A1 
vx EG:: POx A: . But the times, in which bodies deſcribe 
equal ſpaces, are inverſely as the ſquare rbots of the forces (Newt: 
Princip. Vol. II. Prop. 24. Cor. 3.) and —_— calling 7 the. 
timeof a vibration | bythe bee elaſticit ty, v 7 :: Heights 5 7 
©\/Matticity at Por N:: N PN: 1 T TH: 14 A: : BC? 
_ periphery: of a circle whoſe” radius is 4 (P). But = e time in 
which the pulſe deſcribes BC): time of defcribing P :: BC: P72 


7, and n Jain dhe time of Kurdi, F. 
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| "270. Cor. 1. The wilocity with which a pulle f air moves t. 

velocity 8 in falling, by the action of gravity, through'; . 
AM © 


her 
:: T Ame or fall og through —7 Þ becauſe the velocity varies as. the, 
ſpace uniformly deſcribed, directiy and time:inverſely; but : tims 
of falling through ; A4 :: P: A. and conſequently the velocity of a 
pulſe of air is equal to. that acquired in falling through $4. All 
pulſes therefore move with the ſame velocity, whatever be the 
length of PS,” or the time of its . that is, SHONE the 
tone e be loud « or Jon, rover oy 5 8 „ N 
158 3 * W W WR We 'S 8 q * U weed & 
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soup. 
27. Cor. 2. Since 4 varies as the elaſticity (E) directly and 
denſity (D) inverſely, and the velocity of the pulſe varies as IA, 


. will alſo vary as 1 Hence ſounds move a little faſter i in 


fainmer than in winter; for the elaſticity i is not enereaſed ! in the | 
fame ratio with the denſity in winter, being diminiſhed by the 
cold. If A be known, locity of ſound may be diſcovered ; 
for the penphery of A circle is to its radius as 710: 1133 and 


conſequently P = A «= C2 7 ona the. ſpace through which ſound 


moves, whilft a pendulum, whoſe length is 4, performs a dou- 


ble vibration, or in — A and —— oy X ELL * 
39. 113 


| I 


= the rate : at which bug mon, which, after having 


„ daft 


\ A 


39 | 
allowed for the magnitude of the particles 2 air, ns hs quantity 
of 12 contained 1 in it. amounts to about 11 42. feet in 4. 


1 * * * 
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As. Cor. 3. Since the A A of air is uniform, the latitude 
of a pulſe is equal to the ſpace, deſcribed in a given time, divided 
by the number of vibrations of the ſonorous body in that time. 


The body which emits, what Monſ. Sauveur denominates his 


Jixed ſound, performed 100 vibrations in 1”, and, in the ſame 
rime, the pulſe deſcribed 1070 Pariſian feet, and conſequently the 


latitude of the __— 1s N to 1 oy m—_— feet, 


8 OY 3 * 
. 4 \ 75 8 2 


= 


7 fe 4. The latitude of a pl v varies + invecktly as the 
number of vibrations of the ſounding body in a given time, or 
directly as the time of one vibration, or as the length of the 
ſounding fibre (260). or as the greateſt ſpace through which the 


Male point of it vibrates (2 53). Accortling to Monſ. Sauveur, 
the 


: 4 


the middle point of the chord, producing his fred ſound; whoſe 
diameter is th of a line, ' deſcribes in its; ſmalleſt ſenſible vibta- 
tions Sth of a line, and in its greateſt, 72 * of a line, or; of an 
inch. The latitude of the pulſe of this fixed ſound Was 10% 
feet; and conſequently the greateſt ſpace, through which the 
middle point of this chord nag is to its A of pulley 
Jof an inch to 10. feet. ei ln . e in kn 


8 1 4 = ae a = 
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= 27. br. To fd the ore i ant af di drm Pence rm th | 
founding body. = . | 


"a the air to . Kade BM ſpherical ſhells, a and yt 1 Fart 
as elaſtic bodies, A, B, C, D, &c. whoſe radii, beginning at the 
body, are 1, 2, 3, 45 &c. and their reſpective velocities , b, c d, 
&c. Sirice 4: b: A＋ B 2 f. b:c;; B+GC: 2 B, ae 

2H 2B. 4 2 2 Ur 361 10 1881 2 Ka 5 
Tx B*.* E= BIG: 777 TD: % G cb. = But khr 
whoſe radii are 1, 2, 3. 4, Kc. are , f, 27, 64, _— and pn 
CO or A, B, C, D, &c. are , 7, 19, 3771 „ 7 conſe- 

een 


12. K 
And! in a en aicatilth thels Ledde P ast A fo 5 
ſound at the diſtances i, 2, 3, Kc. * I. 20 1 vale 


_ 28 
+ * 
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275. The principal cauſe of the decay of ſound ſeems to be the 
want of perfect elaſticity in the air, as from hence the whole mo- 
tion of the preceding ſhelk is not communicated to tlie next ſub- 


ſequent, nor of this to the next) &c.; and conſeqnently the ve. 
locity of ſound decreaſes in receding from the ſonorous body, and 


& and IM are alſo diminiſhed on this account. But in vil 
| keations, the latitude ofithe/pulſe; ang conſequently Pavel the 


ſame; 


— 4. 3 
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fame; erfok; — which expreſſes the condenſation, or 


magnitude of impulſe upon the ear, or loudneſs of ſound, ab 
creaſes in receding from the ſounding body. In conforiiity with 


| this it is found, that ſounds are heard 'moſt- diſtin ly when 


north, north-eaſt,” and eaſterly winds prevail (Phil. Tranſ. ann. 
1705); at which time the air is dry (De Luc, Vol. II. p. 203. ), and 
3 | therefore more elaſtic; and the ſpaces deſcribed by the vibrating 
| | particles decreaſe leſs, though the barometer be then higheſt (oo. | 
| Vol. I. p. 3 ) and the __ oF air to * moved che e 


4 OW: 


0 10 PROr. Pulſe of ſound, incident : upon any refleting Surface, 
N png * Nr of + pas in all re oat nn, A 55 v 


A 
# 1 8 


- 11 be the angles in which the ani is isi e L 
will be communicated, from the point of incidence, to the lateral 
parts of the medium, in the ſame manner and for. the ame a ee 
as e a 8 of _ 0 Vie N N D. l 


* * 
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7 277. Cor. In the EN of air upon an obſtacle, the avele of : 
incidence. cannot properly be ſaid to be equal to the angle of re 
flection, ſince every impulſe becomes a center from which a, new; 


ſeries of pulſes is propagated in every direction. 


_— 


+ Lhe 278. PROP. If the pulſes bf any found propagated from a center A, 
Hei. LxxII. firike againſt a number of obſtacles C, D, E, F, G, Ge. and the ſum of 
\ the lines drawn from A to each obſtacle, and from ach obflacle to a ' Jes 
| cond point B be equal, an echo will be heard, ar the pe A B 
be fi 5 than AC TY ond dens _ VVV 
Each of the Side 0 D, E. 2. K. i i a 155 v center” of = 


pulſes, and one- ſeries of each will paſs through B, and ſince 
ne + 


SON. D- 
AC+CB, IB BPB. IE EB, &c. are equal to each other; 
tbe pulſes propagated from A to 2 D, E. Re. and from'thente to 
B, will arrive there at the ſame time, and concur: in producing a 
perception f ſound, Nom (Muſſchen. Vol. II. p. 240.) the ea of 
an exerciſed muſician, can only diſtinguiſh ſuch ſounds as ſucceed 


each other about:9 times in 1, and conſequently two ſounds, at a 
leſs interval than; of 1“, muſt coaleſce and form one ſingle ſound; 


but ſound. deſcribes. 1142 feet 1 in 1 „ and c or 127 feet nearly 


ing of- If therefore 4B. be leſs than A C by. 1 127 fert; 


two diſtin ſounds will be heard at B. 83 D. 


279. Cor. Sineb 0 . G A4 +DB= AR + EB, Kc. 
the oints of the oöſtacles, producing an echo, lie in the furface 
of an oblong fpheroid,” whoſe foct are A and'B. As there may be 
feverat ſpheroids having the ſame foci, there may be ſeveral echios 


from the' ſame; originat found; and the ſecond or third echo may 
be totidet than the firſt; provided the greater number of reflected 
pulſes be more than RiMcienit to ' cottipenfate for the decay of 


found which ariſes from/its moving through a greater” ſpace. Ir 
is unneceffary that the points C D, E, &c. thould be placed accu- 
rately in an elliptic curve, for if the fums öf thelides ACE CB; 


AD + DB; &c. de not differ from ech other by more than 1125 


feet, the pulſes will conſpire and be undiſtfoguiſtable- : 


| SCH 0 LI * M. 5 | 
"286; Though the Foudeſt echo be produced when the funding 


body i is in one focus of an ellipſe, and the hearer in the other; 


yet echoes will be heard in other ſituations, when a ſufficient num⸗ 
ber of reflected pulſes arrive at the ear to excite a diſtinct percep- 
tion. A ſpeaker may often hear the echo of his own voice, when 


the reflecting obſtacles are properly iituated, The common rate 
e is three ſflables and art half, or ſeven. half Oliables in 


128 „291 1% 


LSE: 


182 


SOD DN D. 


„ nod las ſannd moves at tlie rate of 1742 feet in 2", if the Sy 
avi st the ear of the ſpeaker, after 1, a, 3, 4, &c. half ſyllables 
are pronounced, it is evident-that the ſpace deſcribed by i it will he 
—, e n 4 EY „ &c. feet, and conſequently the diſtance 


7 
of 20 refleding objec will be half of this Soy 1412 413 


281. 'PROP, Ii an . tube, . whoſe 8 ſmall, | 
and the other very large, the Jens, a 4 Human voice e to: * 


ſmaller orifice will be ee. 5 


The lateral expanſion of the air is diminiſhes. by the ſides of 


the tube, and conſequently the direct expanſion and , velocity. of 


the included air muſt be encreaſed. 3 Pon of the Lay 


$084 7 - 


preceding cauſes, the 3 of the rake oa to "ah and © | 


in fact, augmented. 2. E, D. nk inne Illi bali 4 SAT 4981 


se n O 21. 


alle; Theſe ſeem to be the principal cauſes of the augmentation 
of ſound, in the ſtentorophonic tube, or ſpeaking trumpet; and that 
figure is to be preferred, in which their combined influence is the 
greateſt, That figure is aſſerted. to be beſt which 1 is generated by the 
revolution of a logarithmic curve round its axis; becauſe, if the in- 
cluded air be conceived to be divided inte ſhells, perpendicular to 


the axis, and each to receive mation in the ſame manner with the 
| | elaſtic 
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| SOUND. 
elaſtic bodies, the quantity of motion communicated to the laſt 
ſhell, and conſequently the intenſity of the ſound, is the greateſt 
poſſible. This concluſion is certamly unſatisfactory; for the 
loudneſs of a ſound is meaſured by the number of particles ſtrik- 
ing againſt the ear in a given time, and force of each, but it cer- 
tainly does not follow, that, becauſe the moment of the laſt ſhell 
is greateſt, the moment of that ſmall cylinder of air which impinges 
againft the drum of the ear is alſo the greateſt poſſible, This is leſs 


than it would be were the tube cylindrical. It is alſdaſſerted, that 


* +. >» a 


tion of ſound, for if it were, a cylindrical tube would be better 


than one encreaſing in diameter, and the effect would alſo. be 


greater as the diameter was. diminiſned, which are repugnant to 


experience *. 


Comp. Syſt. Part II. page 55. Graves, L, I. C. XXIV. Newt. Princip. L. II. Sect. 
VIII. Cotes, pag. 174. Muſichenbroek 2189, Kc. Helſham, Lect. V. Young's Enquiry 
into the principal -Phenomena of Sounds and Muſical Strings. Cyclopzdia, Art. Sound. 
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CHAP. XIV. 
THERMOMETERS. 


283. DE F. I. TEM MPERAT URE Ates the ben or r Suni 
in bodies, whether within the limits of percep- 


tion or not. 2. Thermometer is an inſtrument calculated to mea- 
ſure the different temperatures in bodies contiguous to it, being 
uſually a cylindrical glaſs tube, termillating i in a bulb, and con- 
taining air, water, ſpirit of wine, mercury, &c. which fluids are. 
found to occupy different portions of the tube, in different tem- 
peratures, and theſe portions being meaſured exhibit the different 
expanſions of the included fluid. 3. Correſponding points, in dif- 
ferent 2 revnies are thoſe which indicate the ſame tempera- 
ture. 4. Fundamental interval, in different thermometers, is the 
ſpace e between two correſponding points, generally 
thoſe of boiling water and melting ice. 5. A degree is one of the 
diviſions into which the tube of a thermometer is divided, 
which are marked with numbers in arithmetic progreſſion, 
beginning from ſome known point; and the temperature of the 
included fluid is expreſſed by that number, above or below this 
point, which is in the plane of its upper ſurface. 6. Similar ther- 
mometers are thoſe, in which the ſame number is affixed to the 


ſame temperature, 


SCHOLIUM. 


284. The ſame body aſſumes different appearances, when ſub- 
ject to different degrees of heat, or of different temperatures. It 
may be converted into a fluid or vapour, or decompounded by the 


fuſion or volatilization of ſome chemical principle, or its dimen- 
ſions 
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| THERMOMETERS. 155 
ſions may be merely encreaſed or diminiſhed, without any viſible 
decompoſition or diſperſion of its component parts. The degree of 
temperature muſt be eſtimated by ſome of theſe changes, and par- 
ticularly by the variation of the magnitude of the ſame maſs of 
matter, which only of theſe effects is determinate and meaſurable. 
The matter applied to this purpoſe is generally ſome fluid, as air, 
ſpirit of wine, linſeed oil, mercury, &c. and that is to be preferred 
which is affected moſt eaſily, uniformly and ſenſibly by heat and 
cold, capable of a conſiderable rarefaction without boiling or 
being diſſipated, and of condenſation without being congealed : 
and when equal increments of dimenſion ariſe from equal incre- 
ments of heat, or bear any proportion to them, the changes of 
the latter are eaſily aſcertained from thoſe of the former. Linſeed 
oil, and every other viſcid fluid, are found to adhere to the ſides 


"han öl or fpifit of wine; 
not congealed without extreme cold, nor expanded to boiling 
without intenſe heat, and when properly purified, it does not ad- 
here to the infide of the glaſs, but aſcends and __ s freely, 
Tr. EN 2354 y 1 NNN 
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285. PROP, The, incrementt of expanſſon in à mercurial, ſpirit of 


4a 


wine, or linſeed gil, ghermoneter, are as the increments of heat nearly. © 
3 7 | . 8 nne 1 D 
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THERMOMETERS. 

Daw. Let 1, 2, 3, &c. equal portions of boiling water, when the 
barometer is at any given height, be mixed with the ſame quantity 
of equally cold water, and the fluid of a mercurial, linſeed oil, or 
ſpirit of wine, thermometer, graduated ſo as to ſhew equal expanſions 
of it, and immerſed ſucceſſively in theſe mixtures, will be expanded 
through ſpaces which are nearly as the quantities of hot water, or 
as 1, 2, 3, &c. Or, let a thermometer be graduated as before, and 
it appears, by an immerſion of it in two equal meaſures of water, 
of unequal temperatures, ſeparately and when mixed together, that 
the common temperature is nearly an arithmetic mean between 
the original temperatures before the mixture. Q. E. N. . 


SC 1 O L. 1 UM. 

286. The contraction of ſpirit of wine, a little before its con- 
Fell, is found to be irregular and not to vary as the decre- 
ments of heat; and poſſibly t e variation in the dimenſions of all 
Auids, a little prior either bo their Being congealed or boiling, is 
ſubject to a ſimilar irregularity with that of the ſpirit, and as Us 


diſtance between theſe two points is wider in mercury than other 
fluids, it is on that account to be preferred. In the foregoing 


propofttion, it is preſumed that equal bodies of the ſame kind and 
of equal temperature contain the ſame quantity of heat; and if 

two equal bodies of the ſame kind bè in contact for a ſufficient time, 
the heat will be uniformly diffuſed through them both, or the 
temperature will be the ſame in every part, which is abundantly 
proved by experiments; ; and this 1 is alſo true, within certain limits, 
when the rd wn are. ns WT . 5 


. 
1 
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ö TY 'Cor: 1. I two 4 belle of ihe ſame kind, bat of dif- 
ferent temperatures, be brought into _ ntact, the hotter body will 


communicate one half of its ſurplus eat to the other ; becauſe 


they acquire a common 9 and this can only be MT. 
1 


THERMOMETERS, 


by an equal diviſion of the ſurplus of heat between the two' bodies. 
And if two unequal bodies of the ſame kind, but of unequal tem- 
peratures, be brought into contact, the ſurplus of heat in one body, 
above that in the other, will be divided-proportionally to their 
maſſes, becauſe they acquire the ſame temperature. And if two 
diſfimilar bodies of unequal temperature be in contact, for a ſuffi: 
cient time, the ſurplus of heat will be divided between them in 


the ratio of their maſſes, provided the colder body be not heated to 


its limit, or boiling: heat if it be a fluid; and hence a'thermometer, 
whoſe bulb is ſmall, may be confidered as poſſeſſing the ſame tem- 
perature with the ſurrounding air, or any large body in contact 
with it. 


4 I 


288. Cor. 2. If two equal bodies, but of ng temperatures, 
be in contact, and the common temperature be either hi her r 
lower than the arithmetic mean, the 0 he of heat muſt be 5 b 
equally divided, and the ee to be heated greater 1 in one 
body than in the other, | 


— 


ai Px OP. Suppoſe any one e e peint of beat, ads F i 
beiling avater, to be given, to confirult thermometers which will. 
e with 696 e or . be en ee % „ 


ICC ONS 
„ben the Wette ernte by the f fime fluid: in two ther 

ters, when at the temperature of boiling water, to be A and Band 
dividing A and B into m equal parts, mark upon each tube 1, 2, 3, 
. . 3 of theſe parts reſpectively, and in any given temperature, the 
fluid will ſtand at the ſame number, in bath thermometers. For 
the expanſion and contraction, arifng irom che ſame beat, is as the 
quantity of fluid; or, the denſity being given, as the magnitude 
or * occupied by it, or as A and B; if therefore A FF, expanſion 


or. 
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or r contradion, from the boiling point, be que! to + * n, A: B:; 
A 
—x1 n:toB's expanſion or 11 N 18 conſeq uently equal 


; 1 | „ ligt ; : , 5 
to „u. If the thermometers contain different fluids, whoſe va- 


rations of magnitude from the ſame temperature, by an equal in- 
crement or decrement of heat, are as p to 9, the capacities of the 
tubes, between the numbers 1, 2, 3, &c. reſpectively muſt be to 
each other as þ to g, and the ſurface of the fluid, in each tube, 
will, in a given temperature, ſtand at the ſame number. 


8 HO LIV Au. 


290. Suppoſing the tubes of thermometers could be graduated | 
with accuracy into fractional parts of the whole bulk of the in- 
cluded fluid, different thermometers might be eaſily compared to- 
gether. But it 1s more convenient, ſafe, and eaſy, to determine, 
at leaſt, two fixed points of heat, at a conſiderable diſtance from 
each other, and to divide the intermediate ſpace into any number 
of equal parts. The two points generally uſed are thoſe of water 
boiling and juſt freezing ; the laſt of which is a conſtant and- ſettled 
degree of heat, and the former, being dependent upon the preſſure 
of the air, and therefore a little variable, is adjuſted to a middle 
ſtate of the atmoſphere, in places nearly level with the fea, and 
when, in this country, the ee in the barometer ſtands at 
about 30 inches. 


291. Pror. Ti be fundamental zntervals, MN ant m n, of Pu 
thermometers, A B and P Q, being known, to find a point (2) in P. Bs 
which will —_—_— with mY . n Z in the her thermometer. 125 


In 


THE RMOME TE RS. 
In the ſame kind of fluid, the expanſion and contraction, ariſ- 


ing from a given change of temperature, are as the quantities of 


fluid of a given temperature, and, in different fluids, as their quan- 
tities and capacities of changing their dimenſions conjointly; and, 
conſequently, all correſponding intervals are proportional to each 
other, or ſuppoſing E and æ to correſpond, MN: mn::MZ:mz. 
Otherwiſe, let P be the difference of temperature at M and N, or 
m and n, and 2 the difference of temperature at M and _ or m 
ad 25 and W 1 Nanu MZ, 2 1. 


* 1* 
1 1k) BY 2 FT LEE 


1 e since the a8 of degrees in MN is to that in 
MZ as MN to MZ, and the ſame is true of m and mz; the 
number of degrees in MN: number in n:: number in MZ: 
number in m2, In all ſimilar- thermometers therefore, whether 
the fluids uſed be the ſame or different, correſponding points will 


always be oppoſite to the ſame number, or they will always ex- 


hibit the ſame temperature, whatever be the magnitude or ſpecies 
of the included fluid. And in diſſimilar thermometers, whatever 
numbers be affixed to M and m, and whatever be the diviſions in 
M and m, the numbers oppoſite to correſponding points, in any 
thermometers may be found by the above analogy. Thus in New- 


ton's and Fahrenheit's thermometers, the numbers oppoſite to the 


freezing points are o and 32, and the number of degrees in the 
fundamental intervals are 180 and 34 reſpectively. A number in 
Newton's, correſponding to any number, 96, in Fahrenheit's ther- 
mometer, is found by this analogy ; 180: 64 :: 34: 12 nearly, and 
96 and 12 are. nearly correſponding points. In Mr. Amonton's 
thermometer, the freezing and boiling points are at 51 deg. 6 lin. 


and 33 deg. reſpectively, and the fundamental interval conle- 


quently 1s 21 53 any point in this correſponding with one, as for 
inſtance 112, in Fahrenheit's, is found by this analogy, 180: 215 
: 112: 61 nearly. By this proceſs the correſponding points of 
other thermometers are diſcovered, and exhibited in fig. 74. 
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293. Fluid thermometers differ from each other either in the 
mode of graduation, or in being compoſed of different fluids, ac- 
cording to the judgment of the inventor, and hence the ſame tem- 


_ peratures are marked with different numbers, and different fluids 


are uſed as air, ſpirit of wine, linſeed oil, mercury; the laſt of 
which is beſt, as its dimenſions are affected moſt uniformly by 
different degrees of heat; and it is capable of enduring greater 
degrees of heat and cold, without boiling or congelation, than any 
of the reſt. They conſiſt uſually of a cylindrical glaſs tube an- 
need to a glaſs ball, or wider cylinder, which and part of the tube, 


to a convenient height, are filled with fome of the above fluids; and 


they are conſtructed nearly in the ſame maner, as may be eaſily un- 


derſtood from the ſhort de ription ſubjoined, and fig. 74. Let it be 


obferved, however, that ſuppoſing the magnitude of the fluid, con- 


tained in the ball and tube to vary directly as the heat, its different 
magnitudes are not accurate meaſures of the temperature, becauſe 


the glaſs is dilated and contracted by heat and cold, together with 
the fluid, and conſequently the apparent variation in the dimenſions 
of the fluid, is the difference between the real cotemporary expanſions, 


or ſum of the cotemporary contractions, of the fluid and glaſs. But 


the latter, in thermometers properly conſtructed, are inconſiderable, 
and unleſs very great preciſion be required, may he neglected. The 


change of dimenſion in the glaſs is prior to that in the fluid, and 


hence the fluid is found to fink before its riſe, upon an increaſe of - 
temperature ; and if the ball be ſpherical and large, ſome time 
will elapſe before the fluid acquire the fame temperature with the 
glaſs, or poſſibly this may never happen, if one change of tempe- 
rature be ſuddenly ſucceeded by another. And, for this reaſon, 
the ball ſhould be oblong, or if ſpherical, not very large, The 
tube ſhould be capillary or ſmall, that ſmall variations of heat 
may be ſenfible; and graduated that the contents between the 
points of diviſion may be equal; which is effected, when thc tube 
| 1s 
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is not perfectly cylindrical; by ſuffering a given quantity of mer- 
cury to paſs ſucceſſively from one end of the tube to the other; 
or, after the ball is filled, by pouring in preciſely the ſame weight 
of mercury, and marking the ſpace occupied. by it; or by any 
other methods which the.ingenuity of the conſtructor may deviſe. 

1. The common air thermometer conſiſts of a glaſs tube ACD, con- 
nected at one end to a glaſs ball B, which being moderately heated 
| do as to expel part of the air through the orifice at D, and that 
being immerſed in ſome coloured fluid, the fluid will be. jmpelle, 
by the external preſſure of the atmoſphere, into the tube, as the 


air in B becomes cooler, and in a mean temperature, aſcend to 


ſome point C; and the deſcent of the fluid below C or aſcent 
about it, indicates the exceſs or defect of the heat of the weather 


from the mean temperature, which 1 is meaſured by a ſcale of the 
ſame length on each ſide of C, divided into 100 equal parts. This 


thermometer is very imperfect, as a change of temperature is 
uſually attended with a change in the weight of the atmoſphere, 
and conſequently of preſſure upon the ſurface of the fluid at D. 


2. Amonton's thermometer conſiſts of a glaſs tube four feet in length, 


open at one end and recurved at the other, which terminates in a 
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FIG. 
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ball, into which air is compreſſed by pouring mercury into the tube. 


The elaſticity of this included air is equivalent to the e weight of the 
atmoſphere, or of the mercury in the barometer at that time, toge- 
ther with the column of mercury poured in above the ſurface of 
the mercury in the recurved part, and is therefore known. The 
quantity of mercury in the tube is ſo adjuſted that its height, when 
the bail is plunged in boiling water, together with the height of 
the barometer, may be 73 inches; and the height of the barome.-* 
ter .being ſuppoſed to be 28 inches, that of the mercury in the 
tube is 45 inches, and here the number 73 is marked, and the tube 
is divided into inches, 72, 71, &c. deſcending from the point of 


| boiling, which are ſubdivided into lines, This ther mometer 1s. 


inconvenient from its great length; and imperfect, becauſe the 
boiling point or 73 is variable, being dependant. upon the height 
of the barometer; and * air is not always equally dilated by 

X the 
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the ſame heat, its dilatation being affected by the quantity of wa- 


ter contained in it. 


3. Polents's thermometer is conſtructed i in the ſame manner with 
that of Amonton's, but with leſs mercury, 47 inches correſpond- 
ing, according to Dr. Martin, with 51 in that of Amonton' s, and 
5 3 with 592. 

The conſtruction and compariſon of the thermometers of Flo- 
rence, Fahrenheit, Newton, &c. compoſed of fluids leſs uncertain 
than air, viz. ſpirit of wine, linſeed oil, mercury, are obvious from 
art. 292. and fig 74. in which their correſponding points are placed 
in the ſame horizontal line; and the following tables of experi- 
ments, made by thoſe of Fahrenheit and Newton, diſplay the uſes 


to which they may be applied. 


Experiments by Fahrenheit's thermometer. 
height | 
600 Mercury * | | 
546 Oil of Vitriol |boits according to Muſſchenbroek, 
242 Spirit of Nitre the barometer being 29 Rhinland 
240 Lixivium Tartar | inches in height. | 


213 Cow's Milk 3 


212 Water - 

206 Freſh Human Urine 

190 Brandy boils. 
176 Alcohol, according to nuts 


174 Alcohol 
156 Serum of Blood and white of Egg hardens. 
146 Heat that kills Animals in a few minutes. 
108 Heat of a Hen hatching Eggs from this to 92. 
from 107) Heat of the ſkin in Ducks, Geeſe, Hens, Pigeons, Par- 
to 103 7 and Swallows. 
106 Heat of the ſkin in an Ague- fever. 
from 103) Heat of the ſkin in Dogs, Cats, Sheep, Oxen, Swine, 
to Kel yore other quadrupeds. 
from 99 


"to 9 ? FHeat of the Human ſkin in 


97 Heat 
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height 
2 Heat of a Hive of Bees. 1 
96 In Water of this heat a Perch died in three minutes. 
80 Heat of the Air in * ſnade when the weather is very 
| hot. 
74 Butter begins to melt. 
64 Heat of the Air in the ſnade in warm Weather. 
48 Temperate Air in England and Holland. 
43 Oil of Olive begins to ſtiffen, and become opake. 
32 Water juſt freezing, or Ice and Snow juſt thawing. 
30 Milk freezes. 5 
28 Urine and common Vinegar freezes. 
25 Blood out of the Body freezes. | | W | 
20 Good Burgundy, ſtrong Claret and Madeira fre ĩ˙ T4 1 
7 One part of Spirit of Wine, mixed with three parts of ES TIT (2 
Water, freezes. | | 1. 
o A mixture of Snow and Salt, which freezes Oil of Tartar, . 
per deliquium, but not Brandy. 1 
—39 Mercury freezes. | 5 n= | 14 


; Experiments by Sir I. Newton's thermometer. * | | I 
height LS 
192 Heat of burning Coals in a ſmall Fire made of bitumi- | 
nous Pit-coal, and not blown with the bellows. | . 
161 Heat with which bodies burning in the twilight, ſhine | 5 F lid 
manifeſtly, but not at all or very obſcurely by day. 
136 Heat with which burning bodies ſhine in a dark night, "Yi 
butt not at all in the twilight. N 
114 Heat with which burning bodies, by cooling, ceaſe to be 
viſible in a dark night, and by heating begin to ſhine, 
in the ſame degree of darkneſs, ſcarce ſenſible. : 
96 The leaſt heat by which Lead melts. IT 
81 Heat with which Biſmuth melts, as alſo a mixture of | | 8 
four parts of Lead and one of Tin. I 1 
68 The leaſt heat requiſite to melt one part of Biſmuth | 11. 
and eight parts of Tin. ; 
X23 57 Heat 
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height 


57 Heat with which a mixture of two parts of Tin and 
one part of Biſmuth melts. 

48 The leaſt heat with which a mixture of equal parts of 
Tin and Biſmuth melts. 

404 The leaſt heat with which a mixture of one part of 

Lead, four of Tin, and five of Biſmuth, melts and 
continues in fuſion, 

34 Heat with which Water boils —— 

285 Heat between Water boiling and Wax melting. 

24 Heat of Water in which floating Wax melts. 

202 Heat of Water in which floating melted Wax begins 
by cooling to loſe its fluidity and tranſparency. 

505 Heat of Water ſupportable to the hand, at reſt. 
2 Heat of Water ſupportable to the hand, in Moton, and 
of Blood juſt out of the body. 

12 Heat of the thermometer in contact with the human 
Body and of a Bird * her eggs. 

6 

ee. of the Air in ſummer. 


4 


| 5 Heats of the Air in ſpring and autumn, 
2 | 
- ; 
1 eHeats of the Air in winter. 
410 | | 
o Water begins to freeze. 


The different degrees of heat in this table were computed by 
the thermometer to the point where tin begins to melt, and the - 
reſt by obſervations upon bot iron. By a thermometer made of 
linſeed oil, it was found, that dividing the whole quantity of oil, 
when placed in melting ſnow, into 10000 equal parts, it occupied 
10256, 10705, 10725, 11 516 of theſe parts, when of the ſame 

| tem- 
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temperature reſpectively with the human body, water uſt begin- 
ning to boil, water boiling vehemently, and melting tin; and ſup- 
poſing theſe dilatations to be as the heat (285) and the heat of 
the human body to be numbered 12, the number correſponding to 
the other degrees of heat are 33, 34, 72. Theſe heats being found, 
a piece of iron, of a ſufficient thickneſs was heated till it became 
red hot, and placed where there was a conſtant current of air, ſo 
that the decrements of heat in the iron would be as its whole heat 
above that of the contiguous air, and conſequently the heats loſt 
and retained in geometric progreſſion ; different metals and other 
fuſible bodies were placed upon it, and the times, in which they 
loſt their fluidity and began to coagulate,.and laſtly when the heat 
of the iron became equal to the external heat of a human body, 
were accurately obſerved; and theſe. times. being taken in arith- 
metic progreſſion, the heats, varying in. geometric progreſſion, 
were determined as in the table. This theory, however beautiful 
it may be, does not quite agree with . See Dr. Martin's Eſſays, 


P- 5. 


294. PROP. The fundamental interval of a thermometer bei ng known, 
when the altitude of the barometer is 27 Paris inches, to find that in- 
terval in any other altitude of the barometer. 


Let y be a number expreſſing the height of the barometer, in 
16ths of a Paris line, and the fundamental interval of the ther- 
mometer uſed, when the barometer 1s 27 Paris inches, be divided 
into 80 equal parts or degrees, and it is collected, from a number 
of experiments upon the heat of boiling water, at different alti- 


tudes above the level of the ſea, by M. de Luc, that S log. 


| 200000 
' y — 103 87 1 is always equal to the height of the thermometer, when 
plunged in boiling water, above melting ice, expreſſed in hun- 
dredth parts of a degree. . I. 
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SCHOLIUM. 
*295. M. de Luc conſiders the index and ſeven following figures as 


integer numbers, and according to the common uſe of logarithms 


99 
200000 


* log. y — 207 18 
99x 1 


2 x log. y — 10387, or 4950 x log. * — 0397s 
which 1s uſed ; in the following corollaries. 


equal to 


296. Cor. 1. Let y = a number expreſſing the height of the ba- 
rometer in 16ths of a Paris line; 
v = the ſame in Paris lines; 
x = the ſame in 1oths of a Paris inch; 
z the ſame in 1oths of an Engliſh inch. 


fied pole 16 v= == and becauſe x x PS X E (ſubſti- 


tuting P and E for a Paris and Engliſh inch reſpectively),  : S :: 


| ⁊ * 2 | 
E: P:: 2: 2.1315, and x = 2.1375 and conſequently log. of y 
== log. 16 + log. v log. 16 + log. 12 — log. 10 ＋ log. x = log. 
16 + log.12 + log.2 — log. 10 — log. 2. 13 15 + log. z, and 4950 x 


log. y — 10387 = 4950 x log. 2 + log. 16 ＋ log. 12 + log. 2 — 


Jog. 10 ＋ log. 2.1315 — 10387 = 4950 x log. 2 — 4171.55 = the 


height of de Luc's thermometer, in 100th parts of a degree of his 


. * ſcale, when 2 is expreſſed i in 10ths of an Engliſh inch. Divide 


both ſides of the equation wh 100, and for æ ſubſtitute 30 x 10, 
and £250 2 = the height of de Luc's 


b bl in pag] of his ſcale, when the height of 


the barometer is 30 Engliſh inches. 


297. Cor. 


® Sce De Luc Reſerches ſur les Mod. de PAtmoſphere, Tom. I. P- 382,&c. and Tom, II. 
p- 398, &c. Phil. Tranſ. Vol. LXIV. Art. XX. and XXX. 
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297. Cor. 2. In Fahrenheit's thermometer conſtructed by Bird, 
the boiling point is fixed when the height of the barometer is 30 
inches, and the interval, between that and the freezing point, being 
180 deg., the correſponding intervals, in Bird's Fahrenheit and de 
Luc's thermometers, are reſpectively 180 and 80. 902. Let 4 = 
the interval in Fahrenheit, correſponding with the point 80 in de. 
Luc, and (291) 80. 902: 80:: 180: a, and 2 LL 35.90 177.99, 
and 177.99 + 32 (32 being Fahrenheit's freezing point) = 209.99 
= a number in Fahrenheit correſponding with 80, the boiling 
point of de Luc. 


alt Cor, 3. Let F and L be numbers peeling any correſpond- 
ing intervals in Bird's Fahrenheit and de Luc's thermometer s, in 


degrees, and F: L:: 180: 80.902 :: 1800: 80g, and L = 850 
— F x 899 nearly But LL, = — 5 _ X log. Y — 41 7155, and con- 


2000 


ſequently F = 285 2 log. 2 — 92.80 = che height of Bird's 


Fahrenheit in degrees, when the height of the barometer is ex- 
preſſed in ioths of an Engliſh inch. From this equation the fol- 
lowing table is computed. The firſt column is the height of the 
barometer in Engliſh inches; the ſecond ſhews the equation to be 
added to, or ſubtracted from, 212, the boiling point of Fahren- 
heit, and the ſum or difference, according as the ſign is + or —, 
is the true boiling point. This point may be found with ſuffi- 
cient accuracy, by the difference in the third column, and the rule 
of proportion, for any intermediate height of the barometer. 


Height of barom. Equation. 3 Difference. 
_— Fr „ 
AA 27 
30. o 9.00 0.80 
29.5 | — 0.80 0.82 


29.0 
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| Height of barom. Equation. Difference. 
29.0 — 1.62 - MN 
28.5 — 2.45 084 --: 
28.0 — 3.31 0.86 
27.5 — 4.16 0.85 
27.0 — 5.04. 0.88 
299. 6 4. Let n = — 4950 x20 and ꝝ x log. z — 92.860 = Þ, 


899 


1 2 2 , and conſequently when F, or the alti- 


tude of the 1 is given, 2 or the height of the barome- 
ter, in ioths of an Engliſh inch, is known. In aſcertaining ele- 
vations above the earth's ſurface, by different beights of the baro- 
meter, as in art. 194, theſe heights ought to be corrected by ob- 
ſerving the altitude of the thermometer, at every obſervation, and 
finding a value of z, for oy different value of F, by this equa 


F + 2 80 


tion, 28 = 
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300. As fluid thermometers are of little uſe in temperatures 
above the point of boiling, other bodies muſt be ſubſtituted for 
fluids, and the different dimenſions of certain argillaceous ſub- 
ſtances, expoſed to fires of different intenſities, ſeem well calculated 
to meaſure the more intenſe degrees of heat. The ſubſtance uſed 
for this purpoſe conſiſts of three parts of argillaceous earth, added 
to two parts of the filiceous kind, which are well waſhed, and. 
paſſed through a fine lawn, when in a diluted ſtate, and then ſuf- 
fered to dry. This dry clay is ſoftened by adding ths of its weight 
of water, and formed into pieces by compreſling it through holes, 
of proper dimenſions, in the bottom of a veſſel, and when dry, 
theſe 7 are expoſed to the fire and ſhew its intenſity by a con- 

n traction 
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traction of their dimenſions; which are aſcertained by a gauge 
made of two ſtraight pieces of braſs, 24 inches long, divided into 


inches and tenths, fixed £ of an inch aſunder at one end, and ; at 
the other, upon a braſs plate, ſo that one of the thermometric 
pieces, when properly pared, "may Juſt f fill the wider end. If this 


piece be diminiſhed by the air; of its bulk, it will paſs through 


half the length of the gauge; if diminiſhed * it will paſs on to the 
narrower end; and in any intermediate contraction the degree at 
which the piece ſtops againſt the converging ſides, will meaſure 
its contraction, each diviſion of the ſcale anſwering; to 6 NN of 
the breadth of the piece of clay. . 8 | 


ME 4 4664 Experiments by this thermometer, $2 nid 20 
. 8 f 


18.9 


150 A Heſlian crucible melted into a > Angie f. 2 
130 Caſt iron melts. | 
125 The greateſt heat of a common hb $ forge. 1 
124 Vitrification of the materials of plate _ raige v9 
„ ET £77 wo no; nn lab 424515 
121 Bow- China | 1 9; V Seer gg” 11 | 
112 Derby China 25 f | 
105 Chelſea China c 
102 Stone ware fixed. Ee e 
9 Welding heat of 1 iron. res. ps 
86 Queen's ware fixed.” 167 IT el eig Jo 2h. 
32 Gold „„ TE: 23. 24 
28 Sile'er | 
27 Sweediſh copper melted. 
21 Brals - ——_ | | 
o Red heat viſible in 1 day -. 8 2 


© Phil, Tranſ. Vol. LXXII. Part II. p. 303. 
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POINT i in any ſurface, 3 in 2 refiting qui= 
eſcent medium, is ſaid to be reſted dre, when 
| the Sow deſcribed by it is perpendicular tò the furface at that point: 
| or when this line and perpendicular are both parallel to the direc- 
tion of the fluids motion, when both the plane and fluid move; 
or when the perpendicular coiritides. with the direction of the 
ſtream, ſuppoſing the fluid only to move. And it is 215 e 
when theſe conditions do not obtain. 


| 5 og 302. Dar. 


IL . 
r 50 


302. Cor. I, The direction * motion of iy plane ſurface, 
moving in a refiſting medium, is not affected when the reſiſtance 
upon every point is direct. And the effect is evidently the ſame 
whether the plane move in any direction, or the fluid impinge 
upon it, with the ſame in an e e direction... 5 


1 303. Cor. 2. The direct reſiſtance upon a body i is. meaſured by 
1 its retardation, or decrement of motion produced in a given time; 
and if the time be not given, it varies as the decrement of motion, 
directly and time inverſely. If therefore 2; K repreſent the quan- 
tity of matter in a body and reſiſtance upan it, and J, 7, S, be 
r 


the 8 time and ſpace — ; R varies as 1 or 


as _ ; $ varies as | — > Vp varies as Z | 


MOTION oz BODIES in FLUIDS. 
304. Cor. 3. If a given body aſcend or deſcend rectilineally by 
3 reſiſting fluid, by the action of a centripetal force (F; Fvarieg 


171 


as Fo Rx 9; and varies as NR F; V varies as R 


x 6, and r as FR S. When the reſiſtance and centripetal 
force are equal, or FR, the increment of velocity is nen to 
wenn e and the body will rere to & deſcend rms. N 


22911 n 115 3e 59510 213 10 3 T E 
\ Q « th & 


>. 23. 29101 Hotte 238 01 v1 7 2121118 * 20x 


© (g06-Baop: The dine vollen el, , e ape 
to plane ſurfaces, mewing in them, unis as the'area. of zee, On 
or A e the es (D), and ee of 6000 W. 


J 2411 £12 4 8 1 ou 2235) * 1 - s 15 wort 


The N e varies. in the l me ratio = the area 8 


of the ſurface, the number of equa 5 ring it in a given 
time, and the force or velocity of each; and, as the number of 


particles varies as the denſity and velocity conjointly, the reſiſtance 


will vary in a compound ratio of the area, denſity, and ſquare of 
= velocity, * yaries a8 AER EE of Fs D. — 


8. ' 
4” 4 . — 3 _ " * 7 > u 4 
. 


4 N sf 
r H 4 


H. 141890 (6215 hy. 1 Crt 15} 
306. cor. When the 12 is given, R varies as Ve v b. and, 


the ny alſo being given, as V. But the reſiſtance of a 8 


— 2414 74 


kh #2842) 


48 V D. comparin ng the reſiſt ſtance 155 on it when moyi In air 
and water (38, 39); and conſequently t oeitongs of theſe fluids 
ariſes from their inertia, and the ee 0 ie ee War 
Ga eee 9 | : 
30. Fnor: - e dirett 4. 06 que - of a given 1 fluid upon 
4 given plane furface-A E, are to each other as the ſquare of the radius 
ro the my of the fine of the inclination of the 1 


* 


v 2 : | The 


FIG. 
LXXVII. 
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* 


1722 | MOTION or 


The whole Fares of. reſiſtance varies as the . of equal 
| pee! impinging. upon the plane, in a given time, aid thie force 
or velocity of each. Let PA repreſent, in quantity and direction, 
the 1 or velocity of one particle, and be reſolved. into two 
forces, P R perpendicular and 4 R parallel, to the plane; AR is 
| . loſt, making the particte only move parallel to the ſurface, and NR 
| is the only part of the force impelling the plane; and the direct 

| = YN force of one particle is therefore to its oblique force, as PA: PR. 
| 1 the number of particles impelling the plane, vhen the impulſe 
— | is direR, is to the number, when the impulſe is oblique, as EA: E 
(ſuppoſing EB to be perpendicular to the ſtream) or as PA: PR; 
and conſequently the reſiſtance, when the fluid impels the plane 
perpendicularly, is to the reſiſtance when it impels 1 it obliquely, as 
PA.: ＋ R=: 4 ; rad. 3; + fine of inclination] : QED. 


\ 
= » 


| 
* EE 30g. Cor. 1. Since the relies, when the impulſe is direct, 
| varies as Ax DV, the 3 when oy r e 18 oblique, 


| T E 2 n 


ſuppoſing the area, denſity . radius to hu given. : 


309. Cor. 2. Warn the bai to wag the Cine obliquely, 
and the reſiſtance perpendicular to it to be repreſented by PR, and 
reſolved into two forces, R D perpendicular to, and P D coinci- 
dent with the ſtream; P D is the magnitude of reſiſtance eſti- 
mated in the direction of the fluids motions, and is to the Perpen- 
0 | o dicular reſiſtance as PD: PR:: PR: PA:: fine of C of incl.: 
g | radius. And conſequently the es, en in the direc- 
| tion of the fluids motion, varies as 4 x D, * LE . N or 


fin; FA incl, \3 a a. 


the reſt being given — 


310. Cor. 


BODIES FLUIDS. 


310. cor. 3. The effect of tlie fluid in the direction PRI is to 
its effect in the direction RD, as PR: RD: radius: coſine of 2. 
of incl.; and conſequently the force in the eee ae 


4 


Y — of 2 of incl.\2 x config f. en < DOLLY! 4. 361, 
48 — —_— a ae Ff uppoling 4 D andt/ 
to be oem” 1 Alte telt 2 oi 110 E At. 0 Hal 
| | U 5537 i 57 10 tt i” 

11 . % „% lt i 192 223 


311. Cor, 4. If another plane E a be joined to EA — ts it 


and equally * to the direction of motion EA, and the 

reſiſtances PA and pa: be reſolved in the ſame manner, thoſe 

in the directions R D. and r d are equal and oppoſite, and conſe- 

quently deſtroy each hers thoſe 1 m the directions: PR and: hir are 

| Px in. of C. of inch\* | 
7,7 mak: 

the direction of motion are alſo equal, and varying AxD * 


+ 3 
fin. CEA 55 rer . 1 An id if 4 Ba repreſent a curved ſurface;form- 


ed by the revolution of a curve line Aa round an axis E X, and 
this ſurface, or the fluid, move in u direction parallel to E X, and 
Aa be a ſmall annular part of the ſurface; the reſiſtance of the 


equal, and vary as 4 * Dx J and thoſe 3 in 


PRS 
Y PAP or as 
the area x D x V* OE = oe „e AN: to ) be perpendicular to 


fluid * this annulus varies as its area * D * pz x 


the axis, and AE a ys. comps at A in nee plane with E * 0 4 8 


4 
312. Proy. 7 be reſiflance of a Puid W 4 * . (4) 
directly, with a velocity equal fo V, is equivalent to the weight f a 
column of the ſame fluid perpendicularly incumbent upon an orifice equal 
70 A, in the bottom of a veſel, W _ u 15 * bat the velo- 
hocity of efflux is equal to V 


173 


174 | MOTION or 

The reſiſtance upon A is meaſured by the number of equal par- 
tides impelling it directly in a given time, and velocity of each, 
or, when eſtimated for an inſtant, by one lamina of the fluid whoſe 
area is A multiplied into Y. But if this lamina were to impinge 
directly againſt tlie loweſt lamina of the column with a velocity 
equal to Y, it would clearly prevent the efflux of the fluid, or be 
equivalent to the weight of the column perpendicularly incumbent, 
which _—_— the GET 6A of efflux, QB. D. 15 


| $SCHOLIUM. 


313. The reſiſtance of a fluid is e moment of 
every particle impinging againſt the reſiſted ſurface, and impact 
cannot be ſaid properly to be equal to a weight. But conſidering 
impact and weight as forces, whoſe magnitudes are eſtimated by 
their cotemporary effects, they may be ſaid to be equal; and the 
direct reſiſtance of a given fluid upon a plane ſurface is equal to . 
the weight of a column of that fluid whoſe magnitude is Ax B, 
and oblique re ſtance, in the direction of motion, is equal tp 
the weight of a column af fluid _—_— OO is Ax bx 
fin. of 4 oof incl.) 1345175 1 
34 ra. 8 


FIG. 4 14. Pros. If a ately: and a 1 of 4 fame diameter, move 
AL. inare; Ning medium with the- fame welocity v, in a direction parallel 
to the axis of the cylinder, the reſſtance, ariſing from inertia, upon the 
baſe of the \ 1888 15 equal to twice that _ the Te of tbe ſphere, | 


. theſe bodies to by fo pokched that their . ſur- 
faces faber no ar. ; let A BD be a cr upon the ſur- 
| face 


It is ſuppoſed, in this propoſition, that the impreſſons.tranſitted. to the loweſt lamina 
by the weight of thoſe above it, are communicated in an inſtant, and its velocity conſe- 
quently is equal to that acquired in falling through the whole altitude, The pn is 


not true except upon this ſuppoſition, 


BO D 1E 8. 7 IN F. LU 1D 8. 


face of the ſphere and in the lame plane with the line CT deſcrib- 


ed dy the center C; CE'=r; REH ==; Co n p the peri- 


phery of a circle whoſe diameter is unity. Drau the ordinates 


FH, EG, infinitely near to each other, and 2p is the periphery 
of a circle whoſe radius 1 is y; and 2 p z 1s the fluxion of the ſur- 


| face of the ſphere, the refiffance of which vaties a5 25% f = 


*, or, becauſe W as 2b rv * =, whole fluent 


2pratxu? an N 


— 775 


ance of the ſphere : ; reſiſtance of 22 N 
112. L. E. D. 


Hh, . 
gran nk} 5 12 


4 : 4 
4 * » TS - 5 


315. Cor. 1. Since the ceiſtanes upon the ſphere varies as 


2 


4 fluid, will vary as the ſquares of their diameters and ſquares 


of the velocities, and moving in different fluids, they will vary in 
a compound ratio of the ſquares of their diameters, ſquares of. 


93 * 


their velocities, and denſities. 


316. FOR 2, The Ada of any Avid upon the baſe of a 33 
der, moving in a direction parallel to its axis, is equal to the weight 


of a column of that fluid, whoſe magnitude is pr (ſuppoſing 5 
to be the height of a column of the fluid whoſe weight generates 
a velocity equal to u, as in art. 312); The reſiſtance. alſo upon 


the circular annulus 2p 4 1s equal fo the 3 of a column of 


the fluid, whoſe magnitude i 18 225 . * & = 2prixa3xb. 


7 


# 2 ; 
* . — 


„or, when x , is the refiſtance upon the 


hemiſphere. But the reſiſtance upon the baſe of the cylinder 
varies as its area x b, or as £#? ; and conſequently. the veſiſt- 


the reſiſtances upon different ſpheres, moving in the 


whoſe 


17S 


* . 


3 —— 


3 BODIES: n FLUIDS. 


whole fluent, when a x = 7. = = . IT 2 „ whoſe weight is the refit i 
* ance _ the . „„ 112608 Dots 


| 317. Pn OP. The free of 1 to 4 — Js, moving in 
| an uniform reſiſting medium with a velbeity equal to v, is to the conflant 
| | Force F, which would generate the velocity v in the ſphere, in the time 
| =: of deſeribing * parts of its diameter uniformly with this DOS as _ 


7 Luſiy of the id to the 22h fa —_— 


Let D = the diameter 2 the ſphere z W= = its weight ; baits. 
denſity S the ſpace through which a body muſt fall from reſt, | 
in — to 18 the panty 5 N e = the Sony of the fluid. . 


The t time of deſcribing PI * with the elockty v, is equal 
to the time of deſcribing half that ſpace, or 4, n 1 21 the 


conſtant action of E end ee art. 532. JF W:: TH and 
= 


| ' 3 EE | J2 b 
= TIS» Fe 17 But YT - f 4 Sees: Par xo xb x). 
But the reſiſtance of the ſphere is equal to the weight of a Ta 


2 2 
of the fluid, whoſe magnitude i is 7: 2 : or E : „ and is equal to 


oO 225 xf. ; and confequenty F 5 reſiſtance of the ſphere :: © =, : 


P al of .. 5 15 or as the denfity « of the ſphere denſity . the fluid. 


„ 


. BODIES IN FLUIDS. 
318. Cor. 1. The refiſtance- therefore is always equal to 


LOA Or, let V = 2c, and h will be equal | to — 7 6 being 


4% 
163 z feet), os F = = 3 £20 
the ſphere::g Tz W: : weight of an equal magnitude of the fluid ; 


and if w==the relative . of the ſphere, [the refillanen will 


38 
be equal to P—=w * 4a. 


319. Cor. 2. The geatelt e acquired by a body d. 8 | 
3 ing in a reſiſting medium, i is when the reſiſtance becomes 445 to 


3 cf 


the force of deſcent, or its relative weight, or when V. —w x 447 


11 


; = 0. And this velocity” 8 or 20 ab that time = = 2 
WAX 5 = Re 


. 
5 
— » « 
. 4 . * 
1 . ” * : 3 > hs - 
— * v 8 : : 
4 ; , FS; 4 . , : 
A - - 4 1 - 8 8924 . 
4 1 « — 5 * - Sy 0 A * * 
- _ - . 
x n wi Aa 1 a ö * , 
=» ” * - * 


1 a+ © *% 4» 8 » - 
*. +. „ 5 3 — wt F * 4 
F = * — - 


. * 
28 
. 


. 
2 0 


320. Cor.; 3 i 8 be the fonts cbroagh which the OG de- 


ſcends by its relative weight, in a medium without reſiſtance, to 


acquire the greateſt velocity 2c it can acquire, in the fame medium, 
when reliſted ; then ;the ſquare of the velocity acquired in falling 
through s by the force 2 47% (or ſquare of the velocity acquired 
in falli g through 8 by the relative weight w) .: "I x $2.90 WS: 


1 W x#*4d NE 
45: So therefore $= — MO ans. JW: . 


= Why of 18 e ae of He fluid. 


321. Cor. 4 If The the time in which this greateſt velocity (2c) | 


is generated, "without reſiltante,"s's 8 1 . :. * 1 and 1 
. 1999; ve bool gd, varmnd , 
A 5 ö c | | a 3 ; „ | 


2 5 | 322. Cor. 


— 


3 N * £® | 
; therefore 3 e en of 


II, ; 


MOTION os 7 


© $22. Cor. 5. If a ſpherical body were to move, in the Eme fluid, 


with different velocities, till the velocities were deſtroyed, and the 
reſiſtances were to continue the ſame as at firſt, the ſpacey de- 
ſcribed would be the fame, being as the ſquares of the velocities 
e and the reſiſtances or * * the velotitite Ws 


323. Pre or. 'To "Fad the wy ance of 4 _ —_ =D or - ſolid 
formed by a revolution about an axis, when they move-in a @ direction Pa- 
rallel to their axis. 


— * 


1. The reſiſtance upon the ſmall arc æ is equal to þ x * F 


(319) = x22 = TELLER ; td the reſiſtance upon 


I PE 8 1 57% 
PH = x; and the reſiſtance upon the curve line 4 D: : g- 


ance on AD as the fluent of 2 : fluent of by. 
I += 


2. If the curve line ABD revolve round an axis BC; the reſiſt- 
ance upon the annular ſurface generated by the arc is equal to 25 


5 forbnyng = appirf atm il, And the 


; 1 ? 7 2 ), 7 1 1 3 
reſiſtance ugon the EW Tn generated is H1 is equal to 2 py y «b, 
2. 
Ei 1 ＋ 5 5 
11. 3 


the elm des vpon- the: Glid and. tis baſe are as the fluents of 
theſe quantities, which may be found by ſubſtituting the value of 


* in terms of y derived from the properties of the curve, Q. E. I. 
324. Cor. 


Theſe reſiſtances are therefore to each other as 75 y; and 


* 


BODIES 19 FLUIDS. 


324. Cor. 1: Let 4B; d be an iſoſceles triangle, and move in the FIG, 


direction of the perpendicular, at che b of the baſe, BD, 
and let De 4, ACS = e, 4D == 6. From ſimilar triangles * 
FEY 


"= and 4 = 2. and hrs reſiſtances upon A. D and AC are as. 


the fluents im to. 6 COPEL 455 e d, L 
7 


32 5. Cor. 2. ad 4 5 be. a an arc and the radius = r; 


29-5 24 =o 
then 4 = = 725 = : and © = = 2 = ; therefore 2 r= 
"20-162 =—=5 = TE oo. e 38-97 1+=> 
by 5 
: by 2 72 — 2 * y 1 * 
= 1 and its fluent = y — - er re- 
1+ 2 8 5 IEF 2 : P Et © 3 3 ; 3 2 g : 
7 1 —— EE 


dies therefore upon the diameter and the ſemicircular arc 
4BD are to each other a5 8 150 enen __ 


-3 


„Der as 3: 2. 


ar _ 
4 "ET 7 


326, "Coe; 3. Let 43 D be. an hands then 22 


e — 
„ ie 
— 2 8 a 25 fle 
"Us 09) whoſe & luent = Dar. andy ere -ſiſtance n the 
| 2 
baſe, i 


22: 27 —y , or r when „n as 2 25 the Tame as in a; ON 


: — 7 ba F 2 78 3 8 Te 
- * - = _ T 


327. cor. 4. Let the excloigal arc BD c bi round the 
baſe A "+4 and from the nature of the curve y = 2 — =; and 7 = 


i 
* 


2 2 | | NY — 


179, 


LXXIX, 


89899292 44 


FIG. 
LXXX. 


FIG. 


LXXIX. 


FIG. 
LXXXI. 


MOTION or 


— Fa ; The reſiſtance therefore upon the baſe and con- 
| 25 1 — 25 | 


vex ſurface are to each other as * A I: Ja ? 


or when 


328. Cor. 5. 11 ABC be a cone, the i upon \ uk baſe 


and ſurface are to each other as the fluents of yy and or 


1 
3 ud 


2 852 2 2 
becauſe x = == 7 and: x == R as * NIE LA 15 A: a” 


329. PROP. Suppoſe a fruftum of a cone, ADCF , of 8 baſe 


and altitude, to move in an uniform refiting medium, in a direction 
parallel to the axis BE, with its ſmaller end firſt, to find the altitude 
* of the cone, of which it is a Sa when the reß pgs is the leaf 


Paſfible. 


s . p 
* 
[ 


Loet AG C be the ſurface of the « cone; 401 its baſe; BG = 
AB =I; BE Ya. And the reſiſtance upon 46 C: he, 
upon AC:: AB: AG:; and the reſiſtance upom AG therefore 


2 
* reſiſtance upon AC X—=- 2 For the ſame reaſon the refiſtance 


upon DGC= reſiſtance upon 8 Let the refifunce upon 


Ac = As, and conſequently the reſiſtance upon DF= DG: © 
(becauſe reſiſtance upon 40: reſiſtance upon DF :: AC* :.DF* ;; + 


AG: Dr): and the CA 2 _ ** and DG Care refpee- *_- | 


1 r . ara 


BODIES N FLUIDS. 
tively equal to 4B and DE. The difference of theſe reſiſtances 


together with the reſiſtance upon DF are equal to the reſiſtance 


upon the fruſtum = 4 B* — DE? + DG* = A B* + EG? = 
AB + BG — BE\* = AB* + BG? — 2 BG x BE + BE* = 
 AG* +BE? —=2 BGx BE. Therefore the reſiſtance of the fruſtum 
: reſiſtance of the baſe AC :: AG +BE*—2 BG'x BE: AG; and 


ſubſtituting unity for the reſiſtance upon the baſe, the reſiſtance of 


2 — 288 | | | 
the fruſtum = 1+ BE — 76.5 5 3 II whoſe 


eee, 6 
„ 2 " 
8 III EL 2 Ki 13 . ! 5 f; j ** OD 


20 al. nd « => CIR CITY 


fluxion or — 


4 30. Prop . Suppoſe a plane ſurface FR to revolve about a an axis, 
by the impulſe of a 7 fluid moving parallel to the axis, to find the angle in 


which the plane is enclined to the direction of the fluid's motion, when 


the be: 16 | the greateſt TY 


> Rad PA be the direction and 3 of the fluid and 00 to 
; AE the plane ſurface fixed to an arm iſſuing from the axis; 
and let PA be reſolved into two forces, PR per pendicular, and 


AR parallel to the plane, and let PR be revolved into two 


forces PD coincident with the direction and RD perpendicular 


to it. RD is the force of the fluid to make the plane revolve 


PR x AR 12 - K xx 
round the axis and varies as —j— (310), or as - _. 
PA3 73 ä 
«„ 3. 2&«4h 
which being a maximum, its fluxion, r — =0; conſe- 


quently 74 32, and 7: K:: 3: 1:: | ni cofine of "inclins- 
tion; and the angle of enen = 54s 44+ . I. 


| e 


K 


FIG. 
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FIG. 


LXXVII. 


FIG. 


LXXXII. 


| 1 J to tlie! axis. 88 


dabbben the efett 4 the * upon it is @ maximum. 


ER: MOTION or 5 
33 Ta! 1 If the angle of inelination of W the axis 


be 54. 44. the force of the wind! is e When! its GiceRtion i is 


4 : _ 4 ” { x * 
s 1 — > 8 * 7 - 
- . 9 5 


332. ProP. Suppeſe @ 1 1 be inclined to the axis in an 
ok of 54% 44, (a) the velocity of the wind to be f feet in I, and 


the time of one Tevolution to be t; to find that point of the Plane or 5 
di _ (x) From the axis, upon which the wing does not aft. hrs one 


Let PA be the direction and vilodity of the wind, _ reſolved 


as before, and ſo ſmall that RD may coincide with the circular 


arc deſcribed by 4; A the point whoſe velocity round the axis is 


equal to RD, and its diſtance from the axis x. And f: PA:: 1 
RD x77 


3 of © 


= the time of deſeribing PA or R D)= 7 fin. 


But the time of deſcribing RD by the plane ee SED > 2 (fuppoling 


b to be the periphery of a circle whoſe Mamoter 1 is 1); and conſe- 
Dk *- Xx in. of a 


x coſ. of a * & 


* * I. 


; 33. Cor. If the plane be longer 4 5 a *velocities 75 all 


ä R | | 
_ quently — ET = 7 «in. of a x cõlin. of a TTT 


points more remote from the axis than the extremity of x, will be 


greater than that of the wind, and — they will. __ ude 
the air and be retarded. 5 


| 9 


3 34. Par. Buppiſe a fea of water to. flow 1 the Gai 


mz 


plane A C, whoſe elevation above the horizon is Eo, and the perpendicu- | 
lar AH = PC == p. feet; te find the radius of the water wheel „ 


Let 


Aa 


6 BODIES. 18 FLUIDS. 
Let the wheel touch 40 at B and the horizon at 2 and . 


DE. CE, BE to the center. bene =, AC = =; then the aq | 
ae. and BN r and tad,” (122 ** tangy of =: 5 


Dung of x7; and AB = The Prob . 


- lad riiangles PC: PBi:t AG: AB, or a 1 15. FB = 


5 fle * but the effxct '6 the 2 for an Linſtent, is as the ve- 


boeity of the ſtream a n of the wheel, or as . 2 Ex x, 


which, or x X a= Tx, being a wot fluxion, or 2 a X * — 


n 


— "28 
eee UB, I. 


— 


d 


3386. - Gan If E = 200, 4 8 8 1! 1 feet; and if the 
water deſcend perpendicularly, then T = = tang. of 4 5? = 1; 4= 
Fesag e ee > =p rand 6n 


= 336. Prop. Let the velocity of a ſpherical body, moving in a right 


5 line, CP, in an uniform reſßſting medium, be given at any point C, and 


equal to that acquired in falling from reſt by the force of gravity, with- 


out refance, —_— C e to Jing the W v, at any otber 
1 To 8 0 


| Let CY=x; v= the velocity e in falling from reſt, in 
vacuo, by gravity through + feet; and the denſity of the body to 
that of the medium as 5: 1; ow the daumctes of the ſphere, and 


W = = Its wag. 


7 k 8 
: . 
2 * » þ - \ * 
8 8 1 S . p . ; : 


FIG. 


LXXXIII. 


tuting the value of 3. =. e QB. = 
Ne 


MOTION or 


Wc 3. 
The reſiſtance at our and at „ the reſiſtance = 5505 


(28); but v2 88, | 8 == 35, and 


the hyperbolic logarithm of eee 


+ log. ” c (for when x = 0, þ c and log. of h=log. of e), and 
log. of 3 7 = 40% Let N equal a number (2.71828) whoſe hyp. 


log. is 1, and 5 = Ne an d= = but v= b. and; abſt 


WW wee 


337. Cor. 1. The velocity at C= 7 c, " and the velocity at 
Ve and the 2 at C: vel, deſtroyed by the reſiſtance 1 in 


ELLA 5 
N**2 
- : | 3x 
3 6 8 h | . — „ — = We 
moving through CV :: VAC: Vc V 211— — 
ö | 5 | | N  N**7 0 
The velocity loſt therefore = the velocity at Cx - 
| 2 1 „ 1 
+238. Cor- 


* © repreſents the increaſe of velocity, or ſpace uniformly deſcribed by that increment 
in a given time, which varies as the force or weight; and time (7) in which it is generated 
conjointly, # being taken very ſmall that the action of the force may be conſtant. If there- 
fore a be the ſpace deſcribed from reſt in 1” by the conſtant action of a given force (1), 2s 
is the velocity generated in 1”, and ©: 271 NN I x1 ando=2Wixi=Z 3 2 


and vw e Hb. In the ſame manner, by comparing the velocities generated by the 
reſiſtance 65 : 7 i=) and this given force (1), vw = — 7p =, 
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Let CY = x; diameter of the . 2 4 its ſpecific gravity 
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346. PROP. Let an aeroftatic globe aſcend from reft, from the 
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Let the weight of the Moti di = w; >the de of: an {ph bulk 
of air at A V; diameter of the globe 27; its magnitude 
= I; denſity of the air at 4 = 1; 40 miles. 


1 is collected m experiments that the denſities of air, 
at A and 7 miles above it, are as 4: 1 and therefore the denſity 


at the height of 7 miles 8 But altitudes being taken in arith- 


metic progreſſion, | the reſpective denſities are in geometric, and 
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ſeparating the unknown quantities: v, and FR the vetodity will 


conſequently then be found. QE. R 
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247. The next natural principle, which event one diviſion in 
the arrangement of this branch of philoſophy, is the attraction of 
coheſion (1) ; but. the. phenomena apparently reſulting from, it, 
though. very numerous, being imperfectiy underſtood and not re- 


duced to preciſe menſuration, a few of | ie moſt popular of them | 


only are therefore here added as corollaries from Prop. Art. $2. 
re- 


Gs 0 Ulcover the Avent of that part of the equation davolbiag Band e. ebblult Waring! 3 
Meditat. Analyt. p. 123. See this problem ſolved ib Culer, /Hiltpinode: H Araddemĩe Roynie 


des Sciences. Ann. 4784 where w. = 45 n PE fiojnwhich value | 
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of the velocity, the greateſt heiphe to which the globe can aſcend, and time are ably 5 


cer tained. . 24 ie 
+ Upon the reſiſtances of moving bodies ſee Newton? 0 Principia, Vol. II. Euler” 

Comment. on -Robins's: gunnery. Dr. Horleley's Newton, Vol JI. p. 3263; Mackaurin's 

fluxions, Sekt. 606. Atwood, Sect. 5. of — motion. | Saunderfon' 5, Simpſon's, - 
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| Preſuming that evaporation: is a gradual ſolution of water in 


191 


air, which ſeoms- to be-Gtisfaftotily eſtabliſhed: Nga), and, like 


other ſolutions, promoted »by jheat and checked by cold, the 
following appearances are "deduced. from it. 1. In every 


ſolution: to the point of ſaturation, the fluid will — the diſ- 
ſolved body always ſuſpended, provided the temperature be not 
altered; ahd if the temperature and denſity of the atmoſphere 
were to bel invariably the ſame, and ſaturated with watery par- 
ticles, theſe would for ever remain ſuſpended in it; conſequently 

a a perpetual circulation of vapours is only preſerved by frequent 
changes of heat and cold, condenſation and rarefaction, in the 
| atmoſphere.” 2. When a hot fluid is ſaturated with any body, 
diffolved in it, and ſuffered to cool, it becomes opake, and par- 
ticles of the body deſeend, by their greater ſpecific gravity, to the 
bottom; and in the ſame manner, the air, towards the evening 
of a hot day, being cooled by the ſun's abſence, becomes hazy and 
opake, and particles of water, returning from ſolution, are pre- 
cipitated in dew. This hazineſs continues to near the morning, 
and about ſun riſe appears again, when the dew is mixed with the 
air, previous to its ſolution. 3. As air when partially heated 
aſcends and the higher parts of the atmoſphere are colder and 


rarer than the lower, air, which has been much heated near the 
eearth's ſurface, will aſcend together with the water diſſolved in it, 
till it be ſtopped by air too thin and cold to preſerve the ſolution, | 


and then particles of water become viſible and form clouds; or 
riſing up the ſides of mountains by the force of winds, or their 


attraction of gravitation, .and cooled in their aſcent, watery par- 


ticles are precipitated upon their ſurfaces, or viſibly adhere to their 
ſummits, The height at which theſe viſible vapours are formed, 


depends upon the quantity of vapour raiſed, and the denſity and 


heat of the upper parts of the atmoſphere: they are therefore ge- 
nerally higher in ſummer than winter. But they are often ſeen upon 


the ſurface of low marſhy land, ariſing from a ſudden change of tem- 


| perature, as from the heat of day, to the coolneſs of the ſucceeding 
_ When clouds are encreaſed by additional vapours, or the 
| par- 
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particles of water'coritained in them are driven. together by winds 


or any violent agitations of the air, they fall down in. drops of 


rain, the magnitude of which depends upon. theſe agitations and 
upon the height deſcended, ad are therefore greater in ſummer 
than winter, and ſtill greater in thunder ſhowers. When the 


upper parts of the atmoſphere are very cold, clouds are frequently 
frozen and deſcend in ſnow, or in hail, if the particles:be firſt cal- 


lected into drops and then frozen. (Homilton on: the arent. * 


vapours.) 

Whether the ful; nion of water in air, and of 1 in the 
fluids diſſolving them, be an effect of the ſame power, by which 
water aſcends into dry porous ſubſtances, and up the capillary tubes 


of glaſs, plants, &c. or. of ſome .other undiſcovered caule, [hath 


been doubted; but ſatisfactory reaſons ought to bo aſlignedagatoſt 
the actual exerciſe of this attraction. or its incompetengy, to ra- 


duce the effect, proved, 1 any new principle: be Introduced. 
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